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S (54) Title: IDENTIFYING LIVER CANCER BY DETECTING ABERRANT EXPRESSION OF INSULIN LIKE GROWTH FAC- 
1/^ TOR BINDING PROTEIN 



o 

o 
O 



(57) Abstract: The invention is the linkage of the aberrant expression of insulin like growth factor binding proteins (IGFBFs) to the 
development and/or progression of liver cancer. It includes a method for detecting the presence or diagnosing the risk of a liver cancer, 
either before or after the onset of clinical symptoms, by detecting an aberrant level and/or functional activity of an expression product 
of a gene encoding an IGFBF, which correlates with the presence or risk of liver cancer. Also disclosed are methods of screening for 
agents that modulate the level and/or functional activity of an expression product of an IGFBP gene or gene belonging to the same 
biosynthetic or regulatory pathway as an IGFBP gene for use in methods for modulating liver cell proliferation of tumourgeneis, or 
for treating and/or preventing a liver cancer or related condition. 
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IDENTIFYING LIVER CANCER BY DETECTING 
ABERRANT EXPRESSION OF INSULIN LIKE 
GROWTH FACTOR BINDING PROTEIN 

FIELD OF THE INVENTION 

THIS INVENTION relates generally to polynucleotides and polypeptides linked 
to cancer. More particularly, the present invention relates to the aberrant expression of 
5 insulin-like growth factor binding proteins (IGFBPs), which is linked to the development 
and/or progression of cancer, especially a cancer of the liver such as hepatocellular 
carcinoma (HCC). Even more particularly, the present invention relates to a method for 
detecting the presence or diagnosing the risk of a liver cancer, either before or after the 
onset of clinical symptoms, by detecting an aberrant level and/or fimctional activity of an 
10 expression product of a gene encoding an insulin-like growth factor binding protein 
(IGFBP), which correlates with the presence or risk of liver cancer. Assessing the level 

ft 

and/or functional activity of the aberrant expression product is useful as a prognostic 
indicator of disease outcome. The invention also encompasses methods of screening for 
agents that modulate the level and/or functional activity of an expression product of an 
15 IGFBP gene or a gene belonging to the same biosynthetic or regulatory pathway as an 
IGFBP gene for use in methods for modulating liver cell proliferation or tumorigenesis, of 
for treating and/or preventing a liver cancer or related condition. 

Bibliographic details of the publications numerically referred to in this 
specification are collected at the end of the description. 

20 BACKGROUND OF THE INVENTION 

Hepatocellular carcinoma (HCC) is one of the most common malignancies 
worldwide but treatment outcomes for HCC have remained generally poor. The majority of 
patients with HCC have inoperable disease with very poor prognosis (1). Survival in 
patients with curative resection carried out at dedicated centres is between 35 - 50% at 5 
25 years and much lower elsewhere (2, 3). Long-term survival is uncommon because of the 
frequent presence of recurrence, metastasis or the development of new primaries (4, 5). 
There is also currently no accepted adjuvant or palliative treatment modalities that have 
been conclusively shown to prolong survival in HCC (6). 

Recent research has shown that insulin-like growth factors I and II (IGF-I and 
30 IGF-II) are potent mitogens for human hepatoma cells (7), and that both IGF-I mRNA (8) 
and IGF-I receptors (IGF-IR) (7, 8) are detectable in human hepatoma cell lines. Both IGF- 
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I and IGF-II bind with high affinity to specific IGF-binding proteins (IGFBPs), which 
modulate their bioactivity. At least six IGFBPs have been described (reviewed in (9, 10)). 
Expression of genes encoding the various IGFBPs has been observed in many tissues, and 
is subject to intricate physiological regulation (reviewed in (9, 10)). IGFBP-3 is the most 
5 abimdant IGF binding protein in the circulation, where it forms a 150 kDa complex with an 
acid-labile subunit and IGF-I or IGF-II (10). The IGFBP-3 gene is expressed in many 
tissues and IGFBP-3 has affinities for IGFs that are either equal to or stronger than those of 
the IGF receptors and therefore inhibits the IGFs by sequestration in the extracellular 
compartment (reviewed in (9, 10)). Recent evidence also demonstrates that IGFBP-3 has 
10 growth inhibitory activity that is independent of its IGF binding properties (reviewed in 
(10)). 

Existing evidence suggests that early diagnosis of HCC may allow modulation of 
its activities and the potential for therapeutical applications in the control of HCC. 
Conventional methods for diagnosis of HCC are based on measuring serum levels of 

15 alpha-fetoprotein (AFP). Normally, AFP is a major serum protein synthesised by foetal 
liver cells, yolk sac cells, and in trace amounts by the foetal gastrointestinal tract. 
Reappearance of AFP in adult serum often signals pathologic conditions, particularly the 
presence of HCC and germ cell tumours containing yolk sac cell elements. Although 
existing assays may be used successfiiUy for monitoring treatment of AFP-producing 

20 tumours and as an independent prognostic tool, the finding of elevated serum AFP levels in 
some patients with nonmalignant liver diseases, particularly in acute and chronic viral 
hepatitis and cirrhosis, has limited the value of such assays as an independent specific test 
to establish the diagnosis of cancer. 

An acute need, therefore, still exists in the art for an assay which is selective for 
25 patients with HCC, particularly given the need for early detection of HCC in high risk 
populations. 
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SUMMARY OF THE INVENTION 

The present invention is predicated in part on the determination that IGFBPs are 
differentially expressed in liver cancer (e,g,, HCC). Thus, IGFBPs and the transcripts from 
which they are translated have utility, for example, as markers of liver cancer, and as 
5 targets for therapeutic intervention in liver cancer. Accordingly, in one aspect of the 
present invention, there is provided a method for detecting the presence or diagnosing the 
risk of a liver cancer in a patient, comprising detecting in a biological sample obtained 
from said patient aberrant expression of a gene encoding an insulin-like growth factor 
binding protein (IGFBP). Preferably, the IGFBP is selected from IGFBP-1, IGFBP-2 or 
10 IGFBP-3. The liver cancer is preferably a liver cell carcinoma. 

hi another aspect, the invention contemplates a method for detecting the presence 
or diagnosing the risk of a Uver cancer in a patient, comprising detecting in a biological 
sample obtained from said patient aberrant expression of at least one gene encoding an 
IGFBP selected from IGFBP-1, -2 and -3. 

15 In yet another aspect, the invention encompasses a method for detecting the 

presence or diagnosing the risk of a liver cancer in a patient, comprising detecting in a 
biological sample obtained from said patient a level and/or fimctional activity of an 
expression product of a gene encoding an IGFBP-1, which is elevated relative to a normal 
reference level and/or functional activity of said expression product. 

20 In still yet another aspect, the invention envisions a method for detecting the 

presence or diagnosing the risk of a liver cancer in a patient, comprising detecting in a 
biological sample obtained from said patient a level and/or functional activity of an 
expression product of a gene encoding an IGFBP-2, which is elevated relative to a normal 
reference level and/or functional activity of said expression product. 

25 In a further aspect, the invention contemplates a method for detecting the presence 

or diagnosing the risk of a liver cancer in a patient, comprising detecting in a biological 
sample obtained from said patient a level and/or functional activity of an expression 
product of a gene encoding an IGFBP-3, which is reduced relative to a normal reference 
level and/or functional activity of said expression product. 

30 In yet a further aspect, the invention resides in a method for detecting the presence 

or diagnosing the risk of a liver cancer in a patient, comprising detecting in a biological 
sample obtained from said patient: 
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- a level and/or functional activity of an expression product of an IGFBP-1 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-1 expression product; and/or 

- a level and/or functional activity of an expression product of an IGFBP-2 
5 gene, which is elevated relative to a normal reference level and/or functional activity 

of said IGFBP-2 expression product; and/or 

- a level and/or functional activity of an expression product of an IGFBP-3 
gene, which is reduced relative to a normal reference level and/or functional activity 
of said IGFBP-3 expression product. 

10 hi another aspect, the invention contemplates a method for detecting the presence 

or diagnosing the risk of a liver cancer in a patient, comprising detecting in a biological 
sample obtained from said patient: 

- a level and/or functional activity of an expression product of an IGFBP-1 
gene, which is elevated relative to a normal reference level and/or functional activity 

15 of said IGFBP-1 expression product; and 

- a level and/or functional activity of an expression product of an IGFBP-2 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-2 expression product. 

Li yet another aspect, the invention encompasses a method for detecting the 
20 presence or diagnosing the risk of a liver cancer in a patient, comprising detecting in a 
biological sample obtained from said patient: 

- a level and/or functional activity of an expression product of an IGFBP-1 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-1 expression product; and 

25 - a level and/or functional activity of an expression product of an IGFBP-3 

gene, which is reduced relative to a normal reference level and/or functional activity 
of said IGFBP-3 expression product. 

Li yet another aspect, the invention envisions a method for detecting the presence 
or diagnosing the risk of a liver cancer in a patient, comprising detecting in a biological 
30 sample obtained from said patient: 

- a level and/or functional activity of an expression product of an IGFBP-2 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-2 expression product; and 
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— a level and/or functional activity of an expression product of an IGFBP-3 
gene, which is reduced relative to a normal reference level and/or functional activity 
of said IGFBP-3 expression product. 

In still yet another aspect, the invention features a method for detecting the 
5 presence or diagnosing the risk of a liver cancer in a patient, comprising detecting in a 
biological sample obtained from said patient: 

— a level and/or functional activity of an expression product of an IGFBP-1 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP—1 expression product; and 

10 - a level and/or functional activity of an expression product of an IGFBP-2 

gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-2 expression product; and 

— a level and/or functional activity of an expression product of an IGFBP-3 
gene, which is reduced relative to a normal reference level and/or functional activity 

15 of said IGFBP—3 expression product. 

In another aspect, the invention provides a method for diagnosis in a patient of the 
progression of a liver cancer, comprising detecting aberrant expression of at least one gene 
encoding an IGFBP in a biological sample obtained from said patient. 

In yet another aspect, the invention contemplates a method for prognostic 
20 assessment of a liver cancer in a patient, comprising detecting in a biological sample 
obtained from said patient aberrant expression of at least one gene encoding an IGFBP. 

In yet another aspect, the invention extends to the use of an agent in the 
manufacture of a medicament for treating and/or preventing a liver cancer, wherein said 
agent is optionally formulated with a pharmaceutically acceptable carrier and is 
25 identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
a gene selected from an IGFBP gene or a gene relating to the same regulatory or 
biosynthetic pathway as the IGFBP gene, or a variant or derivative of said expression 
product, or comprising a genetic sequence which regulates expression of said 
30 expression product and which is operably connected to a marker gene, with said agent; 
and 
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- detecting a change in the level and/or functional activity of said at least a portion 
of said expression product or said variant or derivative or a change in the level of 
expression of said marker gene. 

hi another aspect, the invention contemplates the use of an agent that reduces the 
5 level and^or functional activity of an expression product of a gene encoding an IGFBP— 1 
in the manufacture of a medicament for treating and^or preventing a liver cancer, wherein 
said agent is optionally formulated with a pharmaceutically acceptable carrier and is 
identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
10 an IGFBP— 1 gene, or a variant or derivative of said expression product, or comprising a 

genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

- detecting a reduction in the level and/or functional activity of said at least a 
portion of said expression product or said variant or derivative or a reduction in the 

15 level and/or functional activity of an expression product of said marker gene. 

Li yet another aspect, the invention provides the use of an agent that reduces the 
level and/or functional activity of an expression product of a gene encoding an IGFBP— 2 
in the manufacture of a medicament for treating and/or preventing a liver cancer, wherein 
said agent is optionally formulated with a pharmaceutically acceptable carrier and is 
20 identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-2 gene, or a variant or derivative of said expression product, or comprising a 
genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

25 - detecting a reduction in the level and/or functional activity of said at least a 

portion of said expression product or said variant or derivative or a reduction in the 
level and/or functional activity of an expression product of said marker gene. 

hi a further aspect, the invention extends to the use of an agent that increases the 
level and/or ftmctional activity of an expression product of a gene encoding an IGFBP— 3 
30 in the manufacture of a medicament for treating and/or preventing a liver cancer, wherein 
said agent is optionally formulated with a pharmaceutically acceptable carrier and is 
identifiable by a screening assay comprising: 
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- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-3 gene, or a variant or derivative of said expression product, or comprising a 
genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 
5 - detecting an increase in the level and/or functional activity of said at least a 

portion of said expression product or said variant or derivative or an increase in the 
level and/or functional activity of an expression product of said marker gene. 

In one embodiment, the agent is selected from (1) an antisense oligonucleotide or 
ribozyme that binds to, or otherwise interacts specifically with, a polynucleotide selected 

10 from an IGFBP-l polynucleotide, an IGFBP-2 polynucleotide or complement of these, or 
(2) an antigen-binding molecule that is immtmo-interactive with IGFBP-1 and/or IGFBP- 
2. hi another embodiment, the agent is selected from a first member comprising an 
IGFBP-3 polypeptide or a biologically active fragment thereof, or variant or derivative of 
these or a second member comprising a polynucleotide encoding said first member, which 

15 is operably connected to a regulatory polynucleotide. 

In yet another aspect, the invention contemplates the use of a vector in the 
manufacture of a medicament, which is optionally formulated with a pharmaceutically 
acceptable carrier, for the treatment and/or prophylaxis of a liver cancer or related 
condition, wherein said vector comprises at least a portion of an IGFBP-3 polynucleotide 
20 operably linked, in the sense direction, to a regulatory polynucleotide. 

In another aspect, the invention extends to the use of a vector in the manufacture 
of a medicament, which is optionally formulated with a pharmaceutically acceptable 
carrier, for the treatment and/or prophylaxis of a liver cancer or related condition, wherein 
said vector comprises an isolated IGFBP-1 polynucleotide operably linked, in the 
25 antisense direction, to a regulatory polynucleotide. 

In yet another aspect, the invention provides the use of a vector in the 
manufacture of a medicament, which is optionally formulated with a pharmaceutically 
acceptable carrier, for the treatment and/or prophylaxis of a liver cancer or related 
condition, wherein said vector comprises an isolated IGFBP-2 polynucleotide operably 
30 linked, in the antisense direction, to a regulatory polynucleotide. 

In still another aspect, the invention contemplates a method for modulating liver 
cell proliferation or tumorigenesis, comprising contacting a liver cell with an agent as 
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broadly described above for a time and under conditions sufficient to modulate the level 
and/or functional activity of an IGFBP expression product. 

According to another aspect, the invention provides a method for treatment and/or 
prophylaxis of a liver cancer or related condition, comprising administering to a patient in 
5 need of such treatment an effective amoimt of a compoimd selected from an agent as 
broadly described above, an agent-containing medicament as broadly described above, or a 
vector-containing medicament as broadly described above. 

The invention also contemplates, in another aspect, the use of an agent-containing 
medicament as broadly described above, or a vector-containing composition as broadly 
10 described above in the preparation of a medicament for treating a liver cancer or related 
condition. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. IGFBP-3 expression in adjacent normal liver tissue and HCC tumours. 
Tissue lysates from normal adjacent liver tissue and HCC tumours were analysed by 
Westem blotting. Blots were incubated with anti-human IGFBP-3 and a-tubulin 
5 antibodies. Representative samples are shown in panels (A), (B) and (C). All normal 
adjacent liver tissues had high levels of IGFBP-3 while IGFBP-3 protein was either 
under-expressed or absent from HCC tumours. Note that the low molecular weight 
IGFBP-3 fragments were present in serum samples (see panel (C)). 

Figure 2, Inunimostaining of normal liver (A) and HCC tumours (B) for IGFBP- 
10 3. Normal adjacent liver tissue and HCC tiunours were stained with anti-human IGFBP-3 
as described in Example 1. Adjacent normal liver tissue, showing intense expression of 
normal cells for IGFBP-3 while very low staining signal was observed for the 
morphologically disorganised HCC cells. Representative staining are shown, (original 
magnification X 400). 

15 Figure 3. Immunostaining of normal liver and HCC tumours for IGF-I and IGF- 

11. Normal adjacent liver tissue (AC) and HCC tumours (B,D) were stained with anti- 
human IGF-I (A and B) or anti-human IGF-II (C and D) as described in Example 1. 

4 

Representative samples are shown. Normal adjacent liver tissue shows intense staining for 
IGF-I while low staining signals are seen for HCC cells. HCC tumours show more intense 
20 staining for IGF-II than normal adjacent tissue, (original magnification X 400), 

Figure 4. IGF-I receptor expression in adjacent normal liver tissue and HCC 
tumours. Tissue lysates from normal adjacent liver tissue and HCC tumours were analysed 
by Westem blotting as described in Example 1 . Blots were incubated with anti-IGF-IR (A) 
and anti-(X-tubulin (B) antibodies. Note that in certain pairs of samples, normal adjacent 
25 liver tissue had higher levels of IGF-IR than HCC tumours. 

Figure 5. Effects of IGFs, IGFBP-3, and IGF-II antibody on HepG2 cell 
proliferation. Cells were cultured as described in Example 1. Cells were incubated with 
serum free MEM, and indicated reagents of IGF-I for 48 h. Cell niunber was determined 
as described (14). Means of triplicate experiments were plotted. Bars with different letters 
30 are significantly different from one another at (p<0.01, Mann Whitney U test). SE at each 
point was <15%. A, Effect of IGF-I on HepG2 proliferation. IGF-I significantly increased 
HepG2 cell number. B, Effect of IGFBP-3 on HepG2 cell proHferation. Growth of HepG2 
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cells was significantly inhibited by exogenous IGFBP-3. C, Effect of hrIGFBP-3 on IGF- 
I-induced HepG2 cell proliferation. Cells were incubated with either serum firee medium or 
25 ng/mL IGF-I in the presence of various concentrations of hrIGFBP-3 for 48 h. IGF- 
I-induced HepG2 proliferation was significantly attenuated by hr IGFBP-3. Z), Effect of 
IGF-II and anti-IGF>-II antibody on HepG2 cell proliferation. Cells were incubated with 
serum fi^ee, 25 ng/mL hrlGF-II, rabbit preimmune serum (1:800 dilution), rabbit anti- 
human IGF-II antibody (2 fig/mL) and 25 ng/mL IGF-I in combination with rabbit anti- 
human IGF-II (2 /xg/mL). IGF-II-induced proliferation rates were significant decreased in 
the presence of anti-IGF-II antibody. Note that IGF-II antibody also inhibits HepG2 cell 
growth. 

Figure 6. Serum levels of IGFBP-1, -2, -3 and alpha fetoprotein in non-HCC and 
HCC patients. Serum samples fi"om non-HCC and HCC patients were analysed by Westem 
blotting as described in Example 2. Blots were incubated with anti-human IGFBP-1, anti- 
bovine IGFBP-2, anti-human IGFBP-3 and anti-human alpha fetoprotein antibodies. 
Representative samples are shown in panels 6A - 6P. All non-HCC serum samples had 
high levels of IGFBP-3 while IGFBP-1 and IGFBP-2 were low. IGFBP-3 was either low 
or absent fi-om HCC. Upregulation of IGFBP-1 and IGFBP-2 was observed in most HCC 
serum samples. Note that AFP was absent in some HCC serum samples. 
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BRIEF DESCRIPTION OF THE SEQUENCES: SUMMARY TABLE 
TABLE A 



SEQUENCE ID 


DESCRIPTION 


LENGTH 


SEQ ID NO: 1 


Nucleotide sequence corresponding to human insulin-like 
growth factor binding protein 1 (IGFBP-1), mRNA as set 
forth in GenBank Accession No. XM_004688 


1514 nts 


SEQ ID NO: 2 


IGFBP-1 polypeptide encoded by SEQ ID NO: 1 


259 aa 


SEQ ID NO: 3 


Nucleotide sequence corresponding to human insulin-like 
growth factor binding protein 2 (IGFBP-2), mRNA as set 
forth in GenBank Accession No. NM_000597 


1433 nts 


SEQ ID NO: 4 


IGFBP-2 polypeptide encoded by SEQ ID NO: 3 


328 aa 


SEQ ID NO: 5 


Nucleotide sequence corresponding to human insulin-like 
growth factor binding protein 3 (IGFBP-3), mRNA as set 
forth in GenBank Accession No. BC000013 


2497 nts 


SEQ ID NO: 6. 


IGFBP-3 polypeptide encoded by SEQ ID NO: 5 


291 aa 


SEQ ID NO: 7 


Nucleotide sequence corresponding to human insulin-like 
growth factor binding protein 1 (IGFBP— 1) gene as set 
forth in GenBank Accession No. M74587 


6128 nts 


SEO ID NO- 8 


IGFBP-1 DolvDCDtide encoded bv SEO ID NO' 7 


259 aa 


SEQ ID NO: 9 


Nucleotide sequence corresponding to human insulin-like 
growth factor binding protein 2 (IGFBP-2) gene as set 
forth in GenBank Accession No. gi|18552832:211494- 
242517 


31024 nts 


SEQ ID NO: 10 


IGFBP-2 polypeptide encoded by SEQ ID NO: 7 


328 aa 
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SEQUENCE ID 


DESCRIPTION 


LENGTH 


SEQ ID NO: 1 1 
SEQ ID NO: 12 


Nucleotide sequence corresponding to human insulin-like 
growth factor binding protein 3 (IGFBP-3) gene as set 
forth in GenBank Accession No. M35878 

IGFBP-3 polypeptide encoded by SEQ ID NO: 1 1 


10884 nts 
291 aa 
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DETAILED DESCRIPTION OF THE INVENTION 
i. Definitions 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by those of ordinary skill in the art to which the 
5 invention belongs. Although any methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, preferred 
methods and materials are described. For the purposes of the present invention, the 
following terms are defined below. 

The articles "a " and **an " are used herein to refer to one or to more than one (i.e. 
10 to at least one) of the grammatical object of the article. By way of example, *'an element" 
means one element or more than one element. 

The term '^aberrant expression product" refers to expressed polynucleotides or 
polypeptide, which result firom a substitution, deletion and/or addition of one or more 
nucleotides or amino acid residues in a "normal" reference polynucleotide or polypeptide, 
1 5 and which correlate with the presence or risk of a liver cancer. 

Amplification product" refers to a nucleic acid product generated by nucleic acid 
amplification techniques. 

By "antigen-binding molecule" is meant a molecule that has binding affinity for a 
target antigen. It will be understood that this term extends to immunoglobulins, 
20 immunoglobulin fragments and non-immuno globulin derived protein frameworks that 
exhibit antigen-binding activity. 

The term ^'biological sample" as used herein refers to a sample that may be 
extracted, xmtreated, treated, diluted or concentrated from a patient. The biological sample 
may comprise a fluid selected from whole blood, serum, plasma, saliva, urine, sweat, 

25 ascitic fluid, peritoneal fluid, synovial fluid, amniotic fluid, cerebrospinal fluid, tissue 
biopsy {e.g.^ liver biopsy), and the like. The biological sample preferably includes serum, 
whole blood, plasma and lymph or other circulatory fluid, saliva, mucus secretion and 
respiratory fluid. More preferably, the biological sample comprises a circulatory fluid such 
as serum or whole blood or a fractionated portion thereof. Most preferably, the biological 

30 sample comprises serum or a fractionated portion thereof. 



wo 02/090580 



PCT/AU02/00558 



- 14- 

By '"biologically active fragment" is meant a fragment of a full-length parent 
polypeptide which fragment retains the activity of the parent polypeptide. A biologically 
active fragment will therefore have, for example, the activity of an IGFBP. As used herein, 
the term biologically active fragment'* includes deletion variants and small peptides, for 
5 example of at least 10, preferably at least 20 and more preferably at least 30 contiguous 
amino acids, which comprise the above activities. Peptides of this type may be obtained 
through the application of standard recombinant nucleic acid techniques or synthesised 
using conventional liquid or solid phase synthesis techniques. For example, reference may 
be made to solution synthesis or solid phase synthesis as described, for example, in 

10 Chapter 9 entitled "Peptide Synthesis'' by Atherton and Shephard which is included in a 
publication entitled "Synthetic Vaccines " edited by Nicholson and published by Blackwell 
Scientific Publications. Altematively, peptides can be produced by digestion of a 
polypeptide of the invention with proteinases such as endoLys-C, endoArg-C, endoGlu-C 
and staphylococcus V8-protease. The digested fragments can be purified by, for example, 

15 high performance liquid chromatographic (HPLC) techniques. 

Throughout this specification, imless the context requires otherwise, the words 
"comprise"^ "comprises" and "comprising*' will be understood to imply the inclusion of a 
stated step or element or group of steps or elements but not the exclusion of any other step 
or element or group of steps or elements. 

20 By '^effective amounf\ in the context of treating or preventing a condition is 

meant the administration of that amount of active to an individual in need of such 
treatment or prophylaxis, either in a single dose or as part of a series, that is effective for 
treatment or prophylaxis of that condition. The effective amount will vary depending upon 
the health and physical condition of the individual to be treated, the taxonomic group of 

25 individual to be treated, the formulation of the composition, the assessment of the medical 
situation, and other relevant factors. It is expected that the amount will fall in a relatively 
broad range that can be determined through routine trials. 

As used herein, the term "function" refers to a biological, enzymatic, or 
therapeutic function. 

30 Reference herein to "immuno-interactive" includes reference to any interaction, 

reaction, or other form of association between molecules and in particular where one of the 
molecules is, or mimics, a component of the immune system. 
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By "isolated" is meant material that is substantially or essentially free from 
components that normally accompany it in its native state. 

By ''marker gene" is meant a gene that imparts a distinct phenotype to cells 
expressing the marker gene and thus allows such transformed cells to be distinguished 
5 from cells that do not have the marker. A selectable marker gene confers a trait for which 
one can 'select' based on resistance to a selective agent {eg., antibiotic, radiation, heat, or 
other treatment damaging to untransformed cells). A screenable marker gene (or marker 
gene) confers a trait that one can identify through observation or testing, Le,, by 
^screening' {e,g. p -glucuronidase, luciferase, or other enzyme activity not present in 
1 0 untransformed cells). 

By "obtained from " is meant that a sample such as, for example, a polynucleotide 
extract or polypeptide extract is isolated from, or derived from, a particular source of the 
host. For example, the extract can be obtained from a tissue or a biological fluid isolated 
directly from the host. 

15 The term "'oligonucleotide^' as used herein refers to a polymer composed of a 

multiplicity of nucleotide residues (deoxyribonucleotides or ribonucleotides, or related 
structural variants or synthetic analogues thereof) linked via phosphodiester bonds (or 
related structural variants or synthetic analogues thereof). Thus, while the term 
"oligonucleotide" typically refers to a nucleotide polymer in which the nucleotide residues 

20 and linkages between them are naturally occurring, it will be understood that the term also 
includes within its scope various analogues including, but not restricted to, peptide nucleic 
acids (PNAs), phosphoramidates, phosphorothioates, methyl phosphonates, 2-O-methyl 
ribonucleic acids, and the like. The exact size of the molecule can vary depending on the 
particular application. An ohgonucleotide is typically rather short in length, generally from 

25 about 10 to 30 nucleotide residues, but the term can refer to molecules of any length, 
although the term "polynucleotide" or "nucleic acid" is typically used for large 
oligonucleotides. 

The term "operably connected" or "operably linked" as used herein means 
placing a stmctural gene under the regulatory control of a promoter, which then controls 
30 the transcription and optionally translation of the gene. In the construction of heterologous 
promoter/structural gene combinations, it is generally preferred to position the genetic 
sequence or promoter at a distance from the gene transcription start site that is 
approximately the same as the distance between that genetic sequence or promoter and the 
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gene it controls in its natural setting; Le, the gene from which the genetic sequence or 
promoter is derived. As is known in the art, some variation in this distance can be 
accommodated without loss of function. Similarly, the preferred positioning of a regulatory 
sequence element with respect to a heterologous gene to be placed under its control is 
5 defined by the positioning of the element in its natural setting; Le, the genes from which it 
is derived. 

The term ''patienf refers to patients of human or other mammal and includes any 
individual it is desired to examine or treat using the methods of the invention. However, it 
will be understood that ''patienf does not imply that symptoms are present. Suitable 
10 mammals that fall within the scope of the invention include, but are not restricted to, 
primates, livestock animals (eg, sheep, cows, horses, donkeys, pigs), laboratory test 
animals (eg, rabbits, mice, rats, guinea pigs, hamsters), companion animals (eg. cats, dogs) 
and captive wild animals (eg. foxes, deer, dingoes). 

By "pharmaceutically acceptable carrier " is meant a solid or liquid filler, diluent 
15 or encapsulating substance that can be safely used in topical or systemic administration to a 
animal, preferably a mammal including humans. 

The term ''polynucleotide'' or ''nucleic acicT' as used herein designates mRNA, 
RNA, cRNA, cDNA or DNA. The term typically refers to oligonucleotides greater than 30 
nucleotide residues in length. Polynucleotide sequences are understood to encompass 
20 complementary strands as well as alternative backbones described herein. 

The terms polynucleotide variant*' and ''variant*' refer to polynucleotides 
displaying substantial sequence identity with a reference polynucleotide sequence or 
polynucleotides that hybridise with a reference sequence xmder stringent conditions that are 
defined hereinafter. These terms also encompasses polynucleotides in which one or more 

25 nucleotides have been added or deleted, or replaced with different nucleotides. Li this 
regard, it is well understood in the art that certain alterations inclusive of mutations, 
additions, deletions and substitutions can be made to a reference polynucleotide whereby 
the altered polynucleotide retains the biological ftinction or activity of the reference 
polynucleotide. The terms "polynucleotide variant'* and ''variant" also include naturally 

30 occurring allelic variants. 

"Polypeptide'\ "peptide*' and "protein'' are used interchangeably herein to refer to 
a polymer of amino acid residues and to variants and synthetic analogues of the same. 
Thus, these terms apply to amino acid polymers in which one or more amino acid residues 
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is a synthetic non-naturally occurring amino acid, such as a chemical analogue of a 
corresponding naturally occurring amino acid, as well as to naturally-occurring amino acid 
polymers. 

The term "polypeptide variant" refers to polypeptides in which one or more 
5 amino acids have been replaced by different amino acids. It is well understood in the art 
that some amino acids may be changed to others with broadly similar properties without 
changing the nature of the activity of the polypeptide (conservative substitutions). 

By '''primer" is meant an oligonucleotide which, when paired with a strand of 
DNA, is capable of initiating the synthesis of a primer extension product in the presence of 

10 a suitable polymerising agent. The primer is preferably single-stranded for maximum 
efficiency in amplification but can altematively be double-stranded. A primer must be 
sufficiently long to prime the synthesis of extension products in the presence of the 
polymerisation agent. The length of the primer depends on many factors, including 
application, temperatiire to be employed, template reaction conditions, other reagents, and 

1 5 source of primers. For example, depending on the complexity of the target sequence, the 
oligonucleotide primer typically contains 15 to 35 or more nucleotide residues, although it 
can contain fewer nucleotide residues. Primers can be large polynucleotides, such as from 
about 200 nucleotide residues to several kilobases or more. Primers can be selected to be 
"substantially complementary" to the sequence on the template to which it is designed to 

20 hybridise and serve as a site for the initiation of synthesis. By "substantially 
complementary"*, it is meant that the primer is sufficiently complementary to hybridise 
with a target polynucleotide. Preferably, the primer contains no mismatches with the 
template to which it is designed to hybridise but this is not essential. For example, non- 
complementary nucleotide residues can be attached to the 5' end of the primer, with the 

25 remainder of the primer sequence being complementary to the template. Altematively, 
non-complementary nucleotide residues or a stretch of non-complementary nucleotide 
residues can be interspersed into a primer, provided that the primer sequence has sufficient 
complementarity with the sequence of the template to hybridise therewith and thereby form 
a template for synthesis of the extension product of the primer. 

30 "Probe" refers to a molecule that binds to a specific sequence or sub-sequence or 

other moiety of another molecule. Unless otherwise indicated, the term "probe" typically 
refers to a polynucleotide probe that binds to another polynucleotide, often called the 
"target polynucleotide", through complementary base pairing. Probes can bind target 
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polynucleotides lacking complete sequence complementarity with the probe, depending on 
the stringency of the hybridisation conditions. Probes can be labelled directly or indirectly. 

The term "recombinant polynucleotide " as used herein refers to a polynucleotide 
formed in vitro by the manipulation of a polynucleotide into a form not normally found in 
5 nature. For example, the recombinant polynucleotide can be in the form of an expression 
vector. Generally, such expression vectors include transcriptional and translational 
regulatory polynucleotide operably linked to the polynucleotide. 

By "recombinant polypeptide" is meant a polypeptide made using recombinant 
techniques, ie. through the expression of a recombinant or synthetic polynucleotide. 

10 By "reporter molecule*' as used in the present specification is meant a molecule 

that, by its chemical nature, provides an analytically identifiable signal that allows the 
detection of a complex comprising an antigen-binding molecule and its target antigen. The 
term "reporter molecule" also extends to use of cell agglutination or inhibition of 
agglutination such as red blood cells on latex beads, and the like. 

15 By "vector" is meant a polynucleotide molecule, preferably a DNA molecule 

derived, for example, fi-om a plasmid, bacteriophage, yeast or virus, into which a 
polynucleotide can be inserted or cloned. A vector preferably contains one or more unique 
restriction sites and can be capable of autonomous replication in a defined host cell 
including a target cell or tissue or a progenitor cell or tissue thereof, or be integrable with 

20 the genome of the defined host such that the cloned sequence is reproducible. Accordingly, 
the vector can be an autonomously replicating vector, ie. a vector that exists as an 
extrachromosomal entity, the replication of which is independent of chromosomal 
replication, eg. a linear or closed circular plasmid, an extrachromosomal element, a 
minichroraosome, or an artificial chromosome. The vector can contain any means for 

25 assuring self-replication. Altematively, the vector can be one which, when introduced into 
the host cell, is integrated into the genome and replicated together with the chromosome(s) 
into which it has been integrated. A vector system can comprise a single vector or plasmid, 
two or more vectors or plasmids, which together contcdn the total DNA to be introduced 
into the genome of the host cell, or a transposon. The choice of the vector will typically 

30 depend on the compatibility of the vector with the host cell into which the vector is to be 
introduced. In the present case, the vector is preferably a viral or viral-derived vector, 
which is operably functional in animal and preferably mammalian cells. Such vector may 
be derived firom a poxvirus, an adenovirus or yeast. The vector can also include a selection 
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marker such as an antibiotic resistance gene that can be used for selection of suitable 
transformants. Examples of such resistance genes are known to those of skill in the art and 
include the nptll gene that confers resistance to the antibiotics kanamycin and G418 
(Geneticin®) and the hph gene which confers resistance to the antibiotic hygromycin B. 

5 As used herein, underscoring or italicising the name of a gene shall indicate the 

gene, in contrast to its protein product, which is indicated in the absence of any 
underscoring or italicising. For example, ""IGFBP-V" shall mean the IGFBP-1 gene, 
whereas "IGFBP-1" shall indicate the protein product of the "IGFBP-r gene. 

2. Methods of detecting aberrant IGFBP expression 

10 The present invention is predicated in part on the discovery that the sera of 

patients with liver cancer, particularly hepatocellular carcinoma, have aberrant levels of 
insulin-like growth factor binding proteins (IGFBPs) relative to sera of normal patients. 
Thus, the invention features a method for detecting the presence or diagnosing the risk of a 
liver cancer in a patient, comprising detecting aberrant expression of a gene encoding an 

15 IGFBP in a biological sample obtained from said patient. The aberrant expression 
preferably relates to a level and/or functional activity of an expression product of said 
gene, which correlates with the presence or risk of said liver cancer. A correlation with the 
presence or risk of a liver cancer is made for example when the level and/or functional 
activity of an IGFBP expression product in the biological sample differs by at least 10%, 

20 more preferably at least 50%, even more preferably at least 100%, even more preferably at 
least 200%, even more preferably at least 400%, even more preferably at least 600% and 
still even more preferably at least 1000% compared to the level and/or functional activity 
of said expression product in a biological sample obtained from normal patients or from 
patients who are not afflicted with that liver cancer. In a preferred embodiment, the level 

25 and/or functional activity of an IGFBP-1 or IGFBP-2 expression product in said 
biological sample is at least 10%, more preferably at least 50%, even more preferably at 
least 100%, even more preferably at least 200%, even more preferably at least 400%, even 
more preferably at least 600% and still even more preferably at least 1000% higher than 
the level and/or functional activity of that expression product in a biological sample 

30 obtained from normal patients or from patients who are not afflicted with said liver cancer. 
In another preferred embodiment, the level and/or functional activity of an IGFBPS 
expression product in said biological sample is at least 10%, more preferably at least 50%, 
even more preferably at least 100%, even more preferably at least 200%, even more 
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preferably at least 400%, even more preferably at least 600% and still even more 
preferably at least 1000% lower than the level and/or functional activity of that expression 
product in a biological sample obtained from normal patients or from patients who are not 
afflicted with said liver cancer. 

5 Accordingly, the presence or risk of liver cancer is diagnosed when (1) an 

expression product of IGFBP-1 or IGFBP-2 is expressed at a higher level, or (2) an 
expression product of IGFBP-3 is expressed at a lower level, compared to the level at 
which it is expressed in normal patients or in patients without liver cancer. In a preferred 
embodiment of this type, the method comprises detecting a level and/or fimctional activity 
10 of an expression product of mi IGFBP-l gene or an IGFBP-2 gene, which is elevated 
relative to a normal reference level and/or functional activity of that expression product. In 
another preferred embodiment of this type, the method comprises detecting a level and/or 
functional activity of an expression product of an IGFBP-S gene, which is reduced relative 
to a normal reference level and/or functional activity of that expression product. 

1 5 Thus, it may be desirable for example to qualitatively or quantitatively determine 

IGFBP protein levels and/or IGF BP transcription levels. Altematively or additionally, it 
may be desirable to search for aberrant IGFBP structural genes and regulatory regions, 
which encode aberrant IGFBP expression products or which produce aberrant levels of 
IGFBP expression products. Altematively or additionally, it may be desirable to 

20 qualitatively or quantitatively determine the level of an expression product (e.^., transcript, 
protein) of a gene relating to the same regulatory or biosynthetic pathway as an IGFBP 
gene, which can modulate or otherwise influence IGFBP protein levels and/or IGFBP 
transcription levels. Likewise, it may also be desirable to search for an aberrant gene 
relating to the same regulatory or biosynthetic pathway as an IGFBP gene. 

25 The biological sample can be any tissue (e.g., a liver biopsy) or fluid. The 

biological sample is preferably a biological fluid including, but not restricted to, a 
circulatory fluid such as whole blood, serum, plasma and lymph as well as other 
circulatory fluid and saliva, mucus secretion and respiratory fluid. More preferably, the 
biological sample is serum or a fractionated portion thereof. 

30 2.1 Genetic Diagnosis 

One embodiment of the instant invention comprises a method for detecting an 
increase in the expression of an IGFBP gene by qualitatively or quantitatively determining 
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the transcripts of an IGFBP gene in a cell (e.g., a liver cell such a Kupffer cell). Exemplary 
human nucleic acid sequences for IGFBP- 1, IGFBP'2 and IGFBP-3 mRNA and there 
corresponding genes are set forth in the enclosed Sequence Listing infra and are 
summarised in TABLE A supra, 

5 Another embodiment of the instant invention comprises a method for detecting 

reduction in the expression or function of an IGFBP gene (e.g, , IGFBP-S), or enhancement 
of expression or function of an IGFBP gene (e,g, , IGFBP- 1, IGFBP-2), by examining the 
genes and transcripts of a cell. Nucleic acid used is isolated from cells contained in the 
biological sample, according to standard methodologies (Sambrook, et aL, "Molecular 

10 Cloning. A Laboratory Manual", Cold Spring Harbor Press, 1989; Ausubel et al, "Current 
Protocols in Molecular Biology", John Wiley & Sons Inc, 1994-1998). The nucleic acid 
may be genomic DNA or fractionated or whole cell RNA. Where RNA is used, it may be 
desired to convert the RNA to a complementary DNA. In one embodiment, the RNA is 
whole cell RNA; in another, it is poly-A RNA. In one embodiment, the nucleic acid is 

15 amplified by a nucleic acid amplification technique. Suitable nucleic acid amplification 
techniques are well known to the skilled artisan, and include the polymerase chain reaction 
(PCR) as for example described in Ausubel et al, (supra); strand displacement 
amphfication (SDA) as for example described in U.S. Patent No 5,422,252; rolling circle 
replication (RCR) as for example described in Liu et al., (1996) and Intemational 

20 application WO 92/01813) and Lizardi et al, (Intemational Application WO 97/19193); 
nucleic acid sequence-based amplification (NASBA) as for example described by 
Sooknanan et al, (1994, Biotechniques 17:1077-1080); and Q-jS replicase amphfication as 
for example described by Tyagi et al, (1996, Proc, Natl Acad, Sol USA 93: 5395-5400). 

Depending on the format, the specific nucleic acid of interest is identified in the 
25 sample directly using amplification or with a second, known nucleic acid following 
amplification. Next, the identified product is detected. In certain applications, the detection 
may be performed by visual means {e,g,, ethidium bromide staining of a gel). 
Alternatively, the detection may involve indirect identification of the product via 
chemiluminescence, radioactive scintigraphy of radiolabel or fluorescent label or even via 
30 a system using electrical or thermal impulse signals (Affymax Technology; Bellus, 1994, J 
Macromol Set Pure, Appl Chem., A31(l): 1355-1376). 

Following detection, one may compare the results seen in a given patient with a 
control reaction or a statistically significant reference group of normal patients. In this 
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way, it is possible to correlate the amount of an IGFBP detected with the progression or 
severity of the disease. 

In addition to determining levels oi IGFBP transcripts, it also may prove useful to 
examine various types of defects. These defect could include deletions, insertions, point 
5 mutations and duplications. Point mutations result in stop codons, frameshift mutations or 
amino acid substitutions. Somatic mutations are those occurring in non-germline tissues. 
Germ-line tissue can occur in any tissue and are inherited. Mutations in and outside the 
coding region also may affect the amoimt of IGFBP produced, both by altering the 
transcription of the gene or in destabilising or otherwise altering the processing of either 
1 0 the transcript (mRNA) or protein. 

A variety of different assays are contemplated in this regard, including but not 
limited to, fluorescent in situ hybridisation (FISH), direct DNA sequencing, pulse field gel 
electrophoresis (PFGE) analysis, Southem or Northern blotting, single-stranded 
conformation analysis (SSCA), RNase protection assay, allele-specific oligonucleotide 
15 (ASO), dot blot analysis, denaturing gradient gel electrophoresis, RFLP and PCR-SSCP. 

2.1 A Primers and Probes 

Primers may be provided in double-stranded or single-stranded form, although the 
single-stranded form is preferred. Probes, while perhaps capable of priming, are designed 
to bind to a target DNA or RNA and need not be used in an amplification process. In 
20 preferred embodiments, the probes or primers are labelled with radioactive species P, 
^"^C, ^^S, ^H, or other label), with a fluorophore (rhodamine, fluorescein) or a 
chemillumiscent label (luciferase). 

2. 1*2 Template Dependent Amplification Methods 

A nimiber of template dependent processes are available to amplify the target 
25 sequences present in a given template sample. An exemplary nucleic acid amplification 
technique is the polymerase chain reaction (referred to as PGR) which is described in detail 
in U.S. Pat. Nos. 4,683,195, 4,683,202 and 4,800,159, Ausubel et al {supra), and in Innis 
et al, ("PGR Protocols", Academic Press, Inc., San Diego Calif, 1990). 

Briefly, in PGR, two primer sequences are prepared that are complementary to 
30 regions on opposite complementary strands of the target sequence. An excess of 
deoxynucleoside triphosphates are added to a reaction mixture along with a DNA 
polymerase, e,g,, Taq polymerase. If the target sequence is present in a sample, the primers 
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will bind to the target and the polymerase will cause the primers to be extended along the 
target sequence by adding on nucleotides. By raising and lowering the temperature of the 
reaction mixture, the extended primers will dissociate from the target to form reaction 
products, excess primers will bind to the target and to the reaction products and the process 
5 is repeated. 

A reverse transcriptase PGR amplification procedure may be performed in order 
to quantify the amoimt of mRNA amplified. Methods of reverse transcribing RNA into 
cDNA are well known and described in Sambrook et aL, 1989. Alternative methods for 
reverse transcription utilise thermostable, RNA-dependent DNA polymerases. These 
10 methods are described in WO 90/07641. Polymerase chain reaction methodologies are well 
known in the art. 

Another method for amplification is the ligase chain reaction ("LCR"), disclosed 
in EPO No. 320 308. In LCR, two complementary probe pairs are prepared, and in the 
presence of the target sequence, each pair will bind to opposite complementary strands of 
15 the target such that they abut. In the presence of a ligase, the two probe pairs will link to 
form a single unit. By temperature cycling, as in PGR, bound ligated imits dissociate from 
the target and then serve as "target sequences" for ligation of excess probe pairs, U.S. Pat. 
No. 4,883,750 describes a method similar to LCR for binding probe pairs to a target 
sequence. 

20 QjS RepUcase, described in PCX Application No. PCT/US87/00880, may also be 

used as still another amplification method in the present invention. In this method, a 
replicative sequence of RNA that has a region complementary to that of a target is added to 
a sample in the presence of an RNA polymerase. The polymerase will copy the replicative 
sequence that can then be detected. 

25 An isothermal amplification method, in which restriction endonucleases and 

ligases are used to achieve the amplification of target molecules that contain nucleotide 
5'a-thio-triphosphates in one strand of a restriction site may also be useful in the 
amplification of nucleic acids in the present invention. Walker et al^ (1992, Proc. Natl. 
Acad. Sci. U.S.A 89: 392-396). 

30 Strand Displacement Amplification (SDA) is another method of canying out 

isothermal amplification of nucleic acids which involves multiple roimds of strand 
displacement and synthesis, i.e., nick translation. A similar method, called Repair Chain 
Reaction (RCR), involves annealing several probes throughout a region targeted for 
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amplification, followed by a repair reaction in which only two of the four bases are 
present. The other two bases can be added as biotinylated derivatives for easy detection. A 
similar approach is used in SDA. Target specific sequences can also be detected using a 
cyclic probe reaction (CPR). In CPR, a probe having 3' and 5' sequences of non-specific 
5 DNA and a middle sequence of specific RNA is hybridised to DNA that is present in a 
sample. Upon hybridisation, the reaction is treated with RNase H, and the products of the 
probe identified as distinctive products that are released after digestion. The original 
template is annealed to another cycling probe and the reaction is repeated. 

Still another amplification method, described in GB Application No. 2 202 328, 
10 and in PCT Application No. PCT/US89/01025, may be used in accordance with the present 
invention. In the former application, "modified" primers are used in a PCR-like, template- 
and enzyme-dependent synthesis. The primers may be modified by labelling with a capture 
moiety (e.g., biotin) and/or a detector moiety (e.g., enzyme). In the latter application, an 
excess of labelled probes are added to a sample. In the presence of the target sequence, the 
15 probe binds and is cleaved catalytically. After cleavage, the target sequence is released 
intact to be bound by excess probe. Cleavage of the labelled probe signals the presence of 
the target sequence. 

Other nucleic acid amplification procedures include transcription-based 
amplification systems (TAS), including nucleic acid sequence based amplification 

20 (NASBA) and 3SR (Kwoh et aL, 1989, Proc. Natl Acad. ScL U.S.A., 86: 1173; Gingeras 
et al, PCT AppUcation WO 88/10315). In NASBA, the nucleic acids can be prepared for 
amplification by standard phenol/chloroform extraction, heat denaturation of a clinical 
sample, treatment with lysis buffer and minispin colunms for isolation of DNA and RNA 
or guanidinium chloride extraction of RNA. These amplification techniques involve 

25 annealing a primer which has target specific sequences. Following polymerisation, 
DNA/RNA hybrids are digested with RNase H while double stranded DNA molecules are 
heat denatured again. In either case the single stranded DNA is made fiiUy double stranded 
by addition of second target specific primer, followed by polymerisation. The double- 
stranded DNA molecules are then multiply transcribed by an RNA polymerase such as T7 

30 or SP6. In an isothermal cyclic reaction, the RNAs are reverse transcribed into single 
stranded DNA, which is then converted to double stranded DNA, and then transcribed 
once again with an RNA polymerase such as T7 or SP6. The resulting products, whether 
truncated or complete, indicate target specific sequences. 



wo 02/090580 



PCT/AU02/00558 



-25- 

Davey et aL, EPO No. 329 822 disclose a nucleic acid amplification process 
involving cyclically synthesising single-stranded RNA ("ssRNA"), ssDNA, and double- 
stranded DNA (dsDNA), which may be used in accordance with the present invention. The 
ssRNA is a template for a first primer oligonucleotide, which is elongated by reverse 
5 transcriptase (RNA-dependent DNA polymerase). The RNA is then removed from the 
resulting DNA:RNA duplex by the action of ribonuclease H (RNase H, an RNase specific 
for RNA in duplex with either DNA or RNA). The resultant ssDNA is a template for a 
second primer, which also includes the sequences of an RNA polymerase promoter 
(exemplified by T7 RNA polymerase) 5' to its homology to the template. This primer is 

10 then extended by DNA polymerase (exemplified by the large "Klenow'' fragment of E. coli 
DNA polymerase I), resulting in a double-stranded DNA ("dsDNA") molecule, having a 
sequence identical to that of the original RNA between the primers and having 
additionally, at one end, a promoter sequence. This promoter sequence can be used by the 
appropriate RNA polymerase to make many RNA copies of the DNA. These copies can 

1 5 then re-enter the cycle leading to very swift amplification. With proper choice of enzymes, 
this amplification can be done isothermally without addition of enzymes at each cycle. 
Because of the cyclical nature of this process, the starting sequence can be chosen to be in 
the form of either DNA or RNA. 

Miller et al in PCT Application WO 89/06700 disclose a nucleic acid sequence 
20 amplification scheme based on the hybridisation of a promoter/primer sequence to a target 
single-stranded DNA ("ssDNA") followed by transcription of many RNA copies of the 
sequence. This scheme is not cyclic, i.e., new templates are not produced from the resultant 
RNA transcripts. Other ampUfication methods include "RACE" and "one-sided PGR" 
(Frohman, M. A., In: "PGR Protocols: A Guide to Methods and Applications", Academic 
25 Press, N.Y., 1990; Ohara et aL, 1989, Proc, Natl Acad, ScL US.A,, 86: 5673-567). 

Methods based on ligation of two (or more) oligonucleotides in the presence of 
nucleic acid having the sequence of the resulting "di-oligonucleotide", thereby amplifying 
the di-oligonucleotide, may also be used in the amplification step of the present invention. 
Wu et al, (1989, Genomics 4: 560). 

30 2.1.3 Southern/Northern Blotting 

Blotting techniques are well known to those of skill in the art. Southern blotting 
involves the use of DNA as a target, whereas Northem blotting involves the use of RNA as 
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a target. Each provide different types of information, although cDNA blotting is analogous, 
in many aspects, to blotting or RNA species. 

Briefly, a probe is used to target a DNA or RNA species that has been 
immobilized on a suitable matrix, often a filter of nitrocellulose. The different species 
5 should be spatially separated to facilitate analysis. This often is accomplished by gel 
electrophoresis of nucleic acid species followed by "blotting" on to the filter. 

Subsequently, the blotted target is incubated with a probe (usually labelled) xmder 
conditions that promote denaturation and rehybridization. Because the probe is designed to 
base pair with the target, the probe will binding a portion of the target sequence under 
1 0 renaturing conditions. Unbound probe is then removed, and detection is accomplished as 
described above. 

2. 1. 4 Detection Methods 

Products may be visualised in order to confirm amplification of the target 
sequences. One typical visualisation method involves staining of a gel with ethidium 
1 5 bromide and visualisation imder UV light. Altematively, if the amplification products are 
integrally labelled with radio- or fluorometrically-labelled nucleotides, the amplification 
products can then be exposed to x-ray film or visualised under the appropriate stimulating 
spectra, following separation. 

In one embodiment, visualisation is achieved indirectly. Following separation of 
20 amplification products, a labelled nucleic acid probe is brought into contact with the 
amplified target sequence. The probe preferably is conjugated to a chromophore but may 
be radiolabelled. In another embodiment, the probe is conjugated to a binding partner, such 
as an antibody or biotin, and the other member of the binding pair carries a detectable 
moiety or reporter molecule. 

25 In one embodiment, detection is by a labelled probe. The techniques involved are 

well known to those of skill in the art and can be found in many standard texts on 
molecular protocols. See Sambrook et aL, 1989. For example, chromophore or radiolabel 
probes or primers identify the target during or following amplification. 

One example of the foregoing is described in U.S. Pat. No. 5,279,721, which 
30 discloses an apparatus and method for the automated electrophoresis and transfer of 
nucleic acids. The apparatus permits electrophoresis and blotting without external 
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manipulation of the gel and is ideally suited to carrying out methods according to the 
present invention. 

In addition, the amplification products described above may be subjected to 
sequence analysis to identify specific kinds of variations using standard sequence analysis 
5 techniques. Within certain methods, exhaustive analysis of genes is carried out by 
sequence analysis using primer sets designed for optimal sequencing (Pignon et al^ 1994, 
Hum. Mutat. 3: 126-132). The present invention provides methods by which any or all of 
these types of analyses may be used. Using, for example, the sequences set forth herein, 
oligonucleotide primers may be designed to permit the amplification of sequences 
10 throughout IGFBP-1, -2, and -5 genes that may then be analysed by direct sequencing. 

2* 1.5 Kit Components 

All the essential materials and reagents required for detecting and sequencing 
IGFBP genes and variants thereof may be assembled together in a kit. The kits may also 
optionally include appropriate reagents for detection of labels, positive and negative 

15 controls, washing solutions, dilution buffers and the like. For example, a nucleic acid- 
based detection kit may include (i) a polynucleotide according to the invention (which may 
be used as a positive control), (ii) an oligonucleotide primer according to the invention. 
Also included may be enzymes suitable for amplifying nucleic acids including various 
polymerases (Reverse Transcriptase, Taq, Sequenase™ DNA ligase etc. depending on the 

20 nucleic acid amplification technique employed), deoxynucleotides and buffers to provide 
the necessary reaction mixture for amplification. Such kits also generally will comprise, in 
suitable means, distinct containers for each individual reagent and enzyme as well as for 
each primer or probe. The kit may also contain instructions for performing the method of 
the invention. 

25 2.1,6 Chip Technologies 

Also contemplated by the present invention are chip-based DNA technologies 
such as those described by Hacia et aL (1996, Nature Genetics 14: AA\'4A1) and 
Shoemaker et al (1996, Nature Genetics 14: 450-456). Briefly, these techniques involve 
quantitative methods for analysing large nxmibers of genes rapidly and accurately. By 
30 tagging genes with oligonucleotides or using fixed probe arrays, one can employ chip 
technology to segregate target molecules as high density arrays and screen these molecules 
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on the basis of hybridisation. See also Pease et al (1994, Proc. Natl Acad. Sci, U.S.A. 91: 
5022-5026); Fodor et al (1991, Science 251: 767-773). 

2.2 Protein-based diagnostics 

2.2.1 Antigen-binding molecules 

Antigen-binding molecules that are immuno-interactive with a target molecule of 
the present invention can be used in measuring an increase or decrease in IGFBP 
expression. Thus, the present invention also contemplates antigen-binding molecules that 
bind specifically to IGFBP-1, IGFBP-2 or IGFBP-3 polypeptides or to proteins that 
regulate or otherwise influence the level and/or functional activity of one or more of the 
aforesaid IGFBP polypeptides. For example, the antigen-binding molecules may comprise 
whole polyclonal antibodies. Such antibodies may be prepared, for example, by injecting a 
target molecule of the invention into a production species, which may include mice or 
rabbits, to obtain polyclonal antisera. Methods of producing polyclonal antibodies are well 
known to those skilled in the art. Exemplary protocols which may be used are described for 
example in Coligan et aL, "Current Protocols In Immunology", (John Wiley & Sons, Inc, 
1 99 1 ), and Ausubel et a/, , ( 1 994- 1 998, supra), in particular Section III of Chapter 1 1 . 

In lieu of the polyclonal antisera obtained in the production species, monoclonal 
antibodies may be produced using the standard method as described, for example, by 
Kohler and Milstein (1975, Nature 256, 495-497), or by more recent modifications thereof 
as described, for example, in CoHgan et al, (1991, supra) by immortahsing spleen or other 
antibody-producing cells derived from a production species which has been inoculated 
with target molecule of the invention. A number of human and other mammalian 
antibodies to IGFBP-1, -2 and -3 are known, and are available either commercially or 
through techniques well known to the art and industry. 

The invention also contemplates as antigen-binding molecules Fv, Fab, Fab' and 
F(ab')2 immunoglobulin firagments. Alternatively, the antigen-binding molecule may 
comprise a synthetic stabilised Fv fragment. Exemplary fragments of this type include 
single chain Fv fragments (sFv, firequently termed scFv) in which a peptide linker is used 
to bridge the N terminus or C terminus of a V// domain with the C terminus or N-terminus, 
respectively, of a domain. ScFv lack all constant parts of whole antibodies and are not 
able to activate complement. Suitable peptide linkers for joining the V// and V^. domains 
are those which allow the Wh and Yt domains to fold into a single polypeptide chain 
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having an antigen binding site with a three dimensional structure similar to that of the 
antigen binding site of a whole antibody from which the Fv fragment is derived. Linkers 
having the desired properties may be obtained by the method disclosed in U.S. Patent No 
4,946,778. However, in some cases a linker is absent. ScFvs may be prepared, for example, 
5 in accordance with methods outlined in Kreber et al (Kreber et al 1997, J. Immunol 
Methods^ 201(1): 35-55). Alternatively, they may be prepared by methods described in 
U.S. Patent No 5,091,513, European Patent No 239,400 or the articles by Winter and 
Milstein (1991, Nature 349:293) and Pliinckthun et al (1996, In Antibody engineering: A 
practical approach, 203-252). 

10 Alternatively, the synthetic stabilised Fv fragment comprises a disulphide 

stabilised Fv (dsFv) in which cysteine residues are introduced into the Wh and V/, domsiins 
such that in the fully folded Fv molecule the two residues will form a disulphide bond 
therebetween. Suitable methods of producing dsFv are described for example in 
(Glockscuther et al. Biochem. 29: 1363-1367; Reiter et al 1994, J, Biol Chem, 269: 

15 18327-18331; Reiter et al 1994, Biochem. 33: 5451-5459; Reiter et al 1994. Cancer Res, 
54: 2714-2718; Webber et al 1995, Mol Immunol 32: 249-258). 

Also contemplated as antigen-binding molecules are single variable region 
domains (termed dAbs) as for example disclosed in (Ward et al 1989, Nature 341: 544- 
546; Hamers-Casterman et al 1993, Nature, 363: 446-448; Davies & Riechmann, 1994, 
20 FEBSLett, 339: 285-290). 

Alternatively, the antigen-binding molecule may comprise a "minibody**. In this 
regard, minibodies are small versions of whole antibodies, which encode in a single chain 
the essential elements of a whole antibody. Suitably, the minibody is comprised of the V// 
and domains of a native antibody fiised to the hinge region and CH3 domain of the 
25 immunoglobulin molecule as, for example, disclosed in U.S. Patent No 5,837,821. 

In an altemate embodiment, the antigen binding molecule may comprise non- 
immunoglobulin derived, protein frameworks. For example, reference may be made to (Ku 
& Schultz, 1995, Proc, Natl Acad. Set USA, 92: 652-6556) which discloses a four-helix 
bundle protein cytochrome b562 having two loops randomised to create complementarity 
30 determining regions (CDRs), which have been selected for antigen binding. 

The antigen-binding molecule may be multivalent (ie, having more than one 
antigen-binding site). Such multivalent molecules may be specific for one or more 
antigens. Multivalent molecules of this type may be prepared by dimerisation of two 
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antibody firagments through a cysteinyl-containing peptide as, for example disclosed by 
(Adams et al, 1993, Cancer Res, 53: 4026-4034; Cumber et aL, 1992, J, Immunol 149: 
120-126). Alternatively, dimerisation may be facilitated by fusion of the antibody 
firagments to amphiphilic helices that naturally dimerise (Pack P. Pliinckthun, 1992, 
5 Biochem. 31: 1579-1584), or by use of domains (such as the leucine zippers jun and fos) 
that preferentially heterodimerise (Kostelny et al.^ 1992, J, Immunol 148: 1547-1553). In 
an altemate embodiment, the multivalent molecule may comprise a multivalent single 
chain antibody (multi-scFv) comprising at least two scFvs linked together by a peptide 
linker. In this regard, non-covalently or covalently linked scFv dimers termed "diabodies" 
10 may be used. Multi-scFvs may be bispecific or greater depending on the number of scFvs 
employed having different antigen binding specificities. Multi-scFvs may be prepared for 
example by methods disclosed in U.S. Patent No. 5,892,020. 

The antigen-binding molecules of the invention may be used for affinity 
chromatography in isolating a natural or recombinant polypeptide or biologically active 
15 firagment of the invention. For example reference may be made to immimoaffinity 
chromatographic procedures described in Chapter 9.5 of Coligan et al, (1995-1997, 

supra), 

2.2.2 Immunodiagnostic assays 

The above antigen-binding molecules have utility in measuring directly or 
20 indirectly modulation of IGFBP expression in healthy and diseased states, through 
techniques such as ELISAs and Westem blotting. Illustrative assay strategies which can be 
used to detect a target polypeptide of the invention include, but are not limited to, 
immunoassays involving the binding of an antigen-binding molecule to the target 
polypeptide {e.g,^ an IGFBP polypeptide) in the sample, and the detection of a complex 
25 comprising the antigen-binding molecule and the target polypeptide. Preferred 
immunoassays are those that can measure the level and/or fimctional activity of a target 
molecule of the invention. Typically, an antigen-binding molecule that is immuno- 
interactive with a target polypeptide of the invention is contacted with a biological sample 
suspected of containing said target polypeptide. The concentration of a complex 
30 comprising the antigen-binding molecule and the target polypeptide is measure in and the 
measured complex concentration is then related to the concentration of target polypeptide 
in the sample. Consistent with the present invention, the presence of an aberrant 
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concentration of the target polypeptide is indicative of the presence or risk of a liver 
cancer. 

Any suitable technique for determining formation of an antigen-binding molecule- 
target antigen complex may be used. For example, an antigen-binding molecule according 
5 to the invention, having a reporter molecule associated therewith may be utilised in 
immunoassays. Such immunoassays include, but are not limited to, radioimmunoassays 
(RIAs), enzyme-linked immunosorbent assays (ELISAs) and immunochromatographic 
techniques (ICTs), Western blotting which are well known those of skill in the art. For 
example, reference may be made to Coligan et al (1994, supra) which discloses a variety 
10 of immunoassays that may be used in accordance with the present invention. 
Immunoassays may include competitive assays as understood in the art or as for example 
described infra. It will be understood that the present invention encompasses qualitative 
and quantitative immunoassays. 

Suitable immunoassay techniques are described for example in US Patent Nos. 
15 4,016,043, 4, 424,279 and 4,018,653. These include both single-site and two-site assays of 
the non-competitive types, as well as the traditional competitive binding assays. These 
assays also include direct binding of a labelled antigen-binding molecule to a target 
antigen. 

Two site assays are particularly favoured for use in the present invention. A 
20 number of variations of these assays exist, all of which are intended to be encompassed by 
the present invention. Briefly, in a typical forward assay, an unlabelled antigen-binding 
molecule such as an unlabelled antibody is immobilised on a solid substrate and the sample 
to be tested brought into contact with the bound molecule. After a suitable period of 
incubation, for a period of time sufficient to allow formation of an antibody-antigen 
25 complex, another antigen-binding molecule, suitably a second antibody specific to the 
antigen, labelled with a reporter molecule capable of producing a detectable signal is then 
added and incubated, allowing time sufficient for the formation of another complex of 
antibody-antigen-labelled antibody. Any unreacted material is washed away and the 
presence of the antigen is determined by observation of a signal produced by the reporter 
30 molecule. The results may be either qualitative, by simple observation of the visible signal, 
or may be quantitated by comparing with a control sample containing known amounts of 
antigen. Variations on the forward assay include a simultaneous assay, in which both 
sample and labelled antibody are added simultaneously to the bound antibody. These 
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techniques are well known to those skilled in the art, including minor variations as will be 
readily apparent. In accordance with the present invention, the sample is one that might 
contain an antigen including a tissue or fluid as described above. 

In the typical forward assay, a first antibody having specificity for the antigen or 
5 antigenic parts thereof is either covalently or passively bound to a solid surface. The solid 
surface is typically glass or a polymer, the most commonly used polymers being cellulose, 
polyacrylamide, nylon, polystyrene, polyvinyl chloride or polypropylene. The solid 
supports may be in the form of tubes, beads, discs of microplates, or any other surface 
suitable for conducting an immunoassay. The binding processes are well known in the art 

10 and generally consist of cross-linking covalently binding or physically adsorbing, the 
polymer-antibody complex is washed in preparation for the test sample. An aliquot of the 
sample to be tested is then added to the solid phase complex and incubated for a period of 
time sufficient and under suitable conditions to allow binding of any antigen present to the 
antibody. Following the incubation period, the antigen-antibody complex is washed and 

15 dried and incubated with a second antibody specific for a portion of the antigen. The 
second antibody has generally a reporter molecule associated therewith that is used to 
indicate the binding of the second antibody to the antigen. The amount of labelled antibody 
that binds, as determined by the associated reporter molecule, is proportional to the amount 
of antigen bound to the immobilised first antibody. 

20 An altemative method involves immobilising the antigen in the biological sample 

and then exposing the immobilised antigen to specific antibody that may or may not be 
labelled with a reporter molecule. Depending on the amoimt of target and the strength of 
the reporter molecule signal, a bound antigen may be detectable by direct labelling with the 
antibody. Alternatively, a second labelled antibody, specific to the first antibody is exposed 

25 to the target-first antibody complex to form a target-first antibody-second antibody tertiary 
complex. The complex is detected by the signal emitted by the reporter molecule. 

The association of the reporter molecule with the antigen-binding molecule may 
include the following: (a) direct attachment of the reporter molecule to the antigen-binding 
molecule; (b) indirect attachment of the reporter molecule to the antigen-binding molecule; 
30 i.e., attachment of the reporter molecule to another assay reagent which subsequently binds 
to the antigen-binding molecule; and (c) attachment to a subsequent reaction product of the 
antigen-binding molecule. 
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The reporter molecule may be selected from a group including a chromogen, a 
catalyst, an enzyme, a fluorochrome, a chemiluminescent molecule, a lanthanide ion such 
as Europium (Eu"''*), a radioisotope and a direct visual label. 

In the case of a direct visual label, use may be made of a colloidal metallic or non- 
5 metallic particle, a dye particle, an enzyme or a substrate, an organic polymer, a latex 
particle, a liposome, or other vesicle containing a signal producing substance and the like. 

A large number of enzymes suitable for use as reporter molecules is disclosed in 
United States Patent Specifications U.S. 4,366,241, U.S. 4,843,000, and U.S. 4,849,338. 
Suitable enzymes useful in the present invention include alkaline phosphatase, horseradish 
10 peroxidase, luciferase, jS-galactosidase, glucose oxidase, lysozyme, malate dehydrogenase 
and the like. The enzymes may be used alone or in combination with a second enzyme that 
is in solution. 

Suitable fluorochromes include, but are not limited to, fluorescein isothiocyanate 
(FITC), tetramethyhhodamine isothiocyanate (TRITC), R-Phycoerythrin (RPE), and Texas 

15 Red. Other exemplary fluorochromes include those discussed by Dower et al 
(International Publication WO 93/06121). Reference also may be made to the 
fluorochromes described in U.S. Patents 5,573,909 (Singer et al), 5,326,692 (Brinkley et 
al). Alternatively, reference may be made to the fluorochromes described in U.S. Patent 
Nos. 5,227,487, 5,274,113, 5,405,975, 5,433,896, 5,442,045, 5,451,663, 5,453,517, 

20 5,459,276, 5,516,864, 5,648,270 and 5,723,218. 

In the case of an enzyme immunoassay, an enzyme is conjugated to the second 
antibody, generally by means of glutaraldehyde or periodates. As will be readily 
recognised, however, a wide variety of different conjugation techniques exist which are 
readily available to the skilled artisan. The substrates to be used with the specific enzymes 

25 are generally chosen for the production of, upon hydrolysis by the corresponding enzyme, 
a detectable colour change. Examples of suitable enzymes include those described supra. It 
is also possible to employ fluorogenic substrates, which yield a fluorescent product rather 
than the chromogenic substrates noted above. In all cases, the enzyme-labelled antibody is 
added to the first antibody-antigen complex. It is then allowed to bind, and excess reagent 

30 is washed away. A solution containing the appropriate substrate is then added to the 
complex of antibody-antigen-antibody. The substrate will react with the enzyme linked to 
the second antibody, giving a qualitative visual signal, which may be further quantitated. 
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usually spectrophotometrically, to give an indication of the amount of antigen which was 
present in the sample. 

Alternately, fluorescent compounds, such as fluorescein, rhodamine and the 
lanthanide, europium (EU), may be chemically coupled to antibodies without altering their 
5 binding capacity. When activated by illumination with light of a particular wavelength, the 
fluorochrome-labelled antibody adsorbs the light energy, inducing a state to excitability in 
the molecule, followed by emission of the light at a characteristic colour visually 
detectable with a light microscope. The fluorescent-labelled antibody is allowed to bind to 
the first antibody-antigen complex. After washing off the unbound reagent, the remaining 
10 tertiary complex is then exposed to light of an appropriate wavelength. The fluorescence 
observed indicates the presence of the antigen of interest, hnmimofluorometric £issays 
(IFMA) are well established in the art. However, other reporter molecules, such as 
radioisotope, chemiluminescent or bioluminescent molecules may also be employed. 

It will be well understood that other means of testing target polypeptide (e.g., 
1 5 IGFBP) levels are available, including, for instance, those involving testing for an altered 
level of IGFBP binding activity to an insulin-like growth factor (IGF), or Western blot 
analysis of IGFBP protein levels in tissues, cells or fluids using anti-IGFBP antigen- 
binding molecule, or assaying the amount of autigen-binding molecule or other IGFBP 
binding partner which is not bound to a sample, and subtracting fi-om the total amount of 
20 antigen-binding molecule or binding partner added. 

3. Identification of target molecule modulators 

The invention also provides agents that modulate the level and/or functional 
activity of an expression product of a gene selected firom an IGFBP gene or a gene relating 
to the same regulatory or biosynthetic pathway as an IGFBP gene. The method includes 

25 contacting a preparation comprising target molecules selected firom (1) all or part of an 
expression product of an IGFBP gene or a gene relating to the same regulatory or 
biosynthetic pathway as the IGFBP gene, or a variant or derivative of that expression 
product, or (2) a genetic sequence which regulates expression of the expression product 
mentioned in (1) and which is operably connected to a marker gene, with a test agent and 

30 detecting a change in the level and/or functional activity of all or part of that expression 
product or variant or derivative thereof or a change in the level of expression of the marker 
gene or a change in the phenotype of a cell. 
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In accordance with the present invention, agents that test positive for such 
interaction are useful for treating and/or modulating tumorigenesis and especially for 
treating or preventing a liver cancer. Assays of a suitable nature for detecting, measuring or 
otherwise determining modulation of tumorigenesis (e.g., such as by detecting cell 
5 proliferation) are known to persons of skill in the art. For example, tumorigenesis- 
modulating agents could be tested for their abihty to modulate cell proliferation. Typically, 
for cell proliferation, cell number is determined, directly, by microscopic or electronic 
enumeration, or indirectly, by the use of chromogenic dyes, incorporation of radioactive 
precursors or measurement of metabolic activity of cellular enzymes. An exemplary cell 

10 proliferation assay comprises culturing cells in the presence or absence of a test compound, 
and detecting cell proliferation by, for example, measuring incorporation of tritiated 
thymidine or by colorimetric assay based on the metabolic breakdown of 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) (Mosman, 1983, J, 
Immunol. Meth, 65: 55-63). Cancer or tumour markers are known for a variety of cell or 

1 5 tissue types. Cells or tissues expressing cancer or tumour markers may be detected using 
monoclonal antibodies, polyclonal antisera or other antigen-binding molecules that are 
immuno-interactive with these tumour markers or by using nucleic acid analysis 
techniques, including, for example, detecting the level or presence of tumour marker- 
encoding polynucleotides. 

20 Modulators contemplated by the present invention includes agonists and 

antagonists of IGFBP gene expression include antisense molecules, ribozymes and co- 
suppression molecules. Agonists include molecules which increase promoter activity or 
interfere with negative mechanisms. Agonists of IGFBP include molecules which 
overcome any negative regulatory mechanism. Antagonists of IGFBP polypeptides include 

25 antibodies and inhibitor peptide fragments. 

Candidate agents encompass numerous chemical classes, though typically they are 
organic molecules, preferably small organic compounds having a molecular weight of 
more than 50 and less than about 2,500 Dalton. Candidate agents comprise functional 
groups necessary for structural interaction with proteins, particularly hydrogen bonding, 
30 and typically include at least an amine, carbonyl, hydroxyl or carboxyl group, preferably at 
least two of the functional chemical groups. The candidate agents often comprise cyclical 
carbon or heterocyclic structures and/or aromatic or polyaromatic structures substituted 
with one or more of the above functional groups. Candidate agents are also found among 
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biomolecules including, but not limited to: peptides, saccharides, fatty acids, steroids, 
purines, pyrimidines, derivatives, structural analogues or combinations thereof. 

Small (non-peptide) molecule modulators of IGFBP-1, -2 and -3 are particularly 
preferred. In this regard, small molecules are particularly preferred because such molecules 
5 are more readily absorbed after oral administration, have fewer potential antigenic 
determinants, and/or are more likely to cross the cell membrane than larger, protein-based 
pharmaceuticals. Small organic molecules may also have the ability to gain entry into an 
appropriate cell and affect the expression of a gene (e.g. , by interacting with the regulatory 
region or transcription factors involved in gene expression); or affect the activity of a gene 
10 by inhibiting or enhancing the binding of accessory molecules. 

Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant 
and animal extracts are available or readily produced. Additionally, natural or synthetically 
produced libraries and compounds are readily modified through conventional chemical, 
physical and biochemical means, and may be used to produce combinatorial libraries. 
15 Known pharmacological agents may be subjected to directed or random chemical 
modifications, such as acylation, alkylation, esterification, amidification, etc. to produce 
structural analogues. 

Screening may also be directed to known pharmacologically active compounds 
and chemical analogues thereof. 

20 Screening for modulatory agents according to the invention can be achieved by 

any suitable method. For example, the method may include contacting a cell comprising a 
polynucleotide corresponding to an IGFBP gene or a gene belonging to the same 
regulatory or biosynthelic pathway as an IGFBP gene, with an agent suspected of having 
said modulatory activity and screening for the modulation of the level and/or functional 

25 activity of a protein encoded by said polynucleotide, or the modulation of the level of a 
transcript encoded by the polynucleotide, or the modulation of the activity or expression of 
a downstream cellular target of said protein or said transcript. Detecting such modulation 
can be achieved utilising techniques including, but not restricted to, ELISA, cell-based 
ELISA, filter-binding ELISA, inhibition ELISA, Westem blots, immunoprecipitation, slot 

30 or dot blot assays, immxmostaining, RIA, scintillation proximity assays, fluorescent 
inununoassays using antigen-binding molecule conjugates or antigen conjugates of 
fluorescent substances such as fluorescein or rhodamine, Ouchterlony double diffusion 
analysis, immunoassays employing an avidin-biotin or a streptavidin-biotin detection 
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system, and nucleic acid detection assays including reverse transcriptase polymerase chain 
reaction (RT-PCR). 

It will be understood that a polynucleotide from which a target molecule of 
interest is regulated or expressed may be naturally occurring in the cell which is the subject 
5 of testing or it may have been introduced into the host cell for the purpose of testing. 
Further, the naturally-occurring or introduced polynucleotide may be constitutively 
expressed - thereby providing a model useful in screening for agents which downregulate 
expression of an encoded product of the sequence wherein said downregulation can be at 
the nucleic acid or protein level - or may require activation - thereby providing a model 

10 useful in screening for agents that upregulate expression of an encoded product of the 
sequence. Further, to the extent that a polynucleotide is introduced into a cell, that 
polynucleotide may comprise the entire coding sequence which codes for a target protein 
or it may comprise a portion of that coding sequence {e.g. a domain such as an IGF- 
binding domain) or a portion that regulates expression of a product encoded by the 

15 polynucleotide {e.g., a promoter). For example, the promoter that is naturally associated 
with the polynucleotide may be introduced into the cell that is the subject of testing. In this 
regard, where only the promoter is utilised, detecting modulation of the promoter activity 
can be achieved, for example, by operably linking the promoter to a polynucleotide 
encoding a suitable marker including, but not restricted to, green fluorescent protein 

20 (GFP), luciferase, B-galactosidase and catecholamine acetyl transferase (CAT). Modulation 
of expression may be determined by measuring the activity associated with the marker- 
encoding polynucleotide. 

In another example, the subject of detection could be a downstream regulatory 
target of the target molecule, rather than target molecule itself or a marker-encoding 
25 polynucleotide operably linked to a promoter of a gene encoding a product the expression 
of which is regulated by the target protein. 

These methods provide a mechanism for performing high throughput screening of 
putative modulatory agents such as proteinaceous or non-proteinaceous agents comprising 
synthetic, combinatorial, chemical and natural libraries. These methods will also facilitate 
30 the detection of agents which bind either the polynucleotide encoding the target molecule 
or which modulate the expression of an upstream molecule, which subsequently modulates 
the expression of the polynucleotide encoding the target molecule. Accordingly, these 
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methods provide a mechanism of detecting agents that either directly or indirectly 
modulate the expression and/or activity of a target molecule according to the invention. 

In a series of preferred embodiments, the present invention provides assays for 
identifying small molecules or other compounds {i.e., modulatory agents) which are 
5 capable of inducing or inhibiting the level and/or or functional activity of target molecules 
according to the invention. The assays may be performed in vitro using non-transformed 
cells, immortalised cell lines, or recombinant cell lines. In addition, the assays may detect 
the presence of increased or decreased expression of genes or production of proteins on the 
basis of increased or decreased mRNA expression (using, for example, nucleic acid probes 

1 0 corresponding or complementary to a transcript of an IGFBP gene or of a gene relating to 
the same regulatory or biosynthetic pathway as the IGFBP gene), increased or decreased 
levels of protein products (using, for example, antigen binding molecules that are immuno- 
interactive with a polypeptide encoded by the aforementioned genes), or increased or 
decreased levels of expression of a marker gene {e,g. , GFP, jS-galactosidase or luciferase) 

15 operatively linked to a target molecule-related gene regulatory region in a recombinant 
construct. 

Thus, for example, one may culture cells which produce a particular target 
molecule and add to the culture medium one or more test compounds. After allowing a 
sufficient period of time {e.g. , 6-72 hours) for the compound to induce or inhibit the level 

20 and/or functional activity of the target molecule, any change in said level from an 
established baseline may be detected using any of the techniques described above and well 
known in the art. In particularly preferred embodiments, the cells are epithelial cells. Using 
suitable nucleic acid probes and/or antigen-binding molecules as for example described 
above, detection of changes in the level and or functional activity of a target molecule, and 

25 thus identification of the compound as agonist or antagonist of the target molecule, 
requires only routine experimentation. 

In particularly preferred embodiments, a recombinant assay is employed in which 
a marker gene encoding, for example, GFP, jS-galactosidase or luciferase is operably linked 
to the 5 ' regulatory regions of a target molecule related gene. Such regulatory regions may 
30 be easily isolated and cloned by one of ordinary skill in the art in Ught of the present 
disclosure. The marker gene and regulatory regions are joined in-firame (or in each of the 
three possible reading fi-ames) so that transcription and translation of the marker gene may 
proceed under the control of the regulatory elements of the target molecule related gene. 
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The recombinant construct may then be introduced into any appropriate cell type although 
mammalian cells are preferred, and human cells are most preferred. The transformed cells 
may be grown in culture and, after establishing the baseline level of expression of the 
marker gene, test compounds may be added to the medium. The ease of detection of the 
5 expression of the marker gene provides for a rapid, high throughput assay for the 
identification of agonists or antagonists of the target molecules of the invention. 

Compounds identified by this method will have potential utility in modifying the 
expression of target molecule related genes in vivo. These compounds may be further 
tested in the animal models to identify those compounds having the most potent in vivo 
10 effects. In addition, as described above with respect to small molecules having target 
polypeptide binding activity, these molecules may serve as "lead compounds" for the 
further development of pharmaceuticals by, for example, subjecting the compounds to 
sequential modifications, molecular modelling, and other routine procedures employed in 
rational dmg design. 

15 In another embodiment, a method of identifying agents that inhibit IGFBP activity 

is provided in which a purified preparation of an IGFBP protein in the presence and 
absence of a candidate agent under conditions in which the IGFBP is active, and the level 
of IGFBP activity is measured by a suitable assay. For example, an IGFBP inhibitor can be 
identified by measuring the ability of a candidate agent to decrease IGFBP activity in a cell 

20 {e.g., a liver cell). In this method, a cell that is capable of expressing an IGFBP is exposed 
to, or cultured in the presence and absence of, the candidate agent xmder conditions in 
which the IGFBP is active in the cell, and an activity such as timiorigenesis is detected. An 
agent tests positive if it inhibits any of these activities. 

In yet another embodiment, random peptide libraries consisting of all possible 
25 combinations of amino acids attached to a solid phase support may be used to identify 
peptides that are able to bind to a target molecule or to a functional domain thereof 
Identification of molecules that are able to bind to a target molecule may be accomplished 
by screening a peptide library with a recombinant soluble target molecule. The target 
molecule may be purified, recombinantly expressed or synthesised by any suitable 
30 technique. Such molecules may be conveniently prepared by a person skilled in the art 
using standard protocols as for example described in Sambrook, et aL, (1989, supra) in 
particular Sections 16 and 17; Ausubel et al, (1994-1998, supra), in particular Chapters 10 
and 16; and Coligan et al, (1995-1997, supra), in particular Chapters 1, 5 and 6. 
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Altematively, a target polypeptide according to the invention may be synthesised using 
solution synthesis or solid phase synthesis as described, for example, in Chapter 9 of 
Atherton and Shephard {supra) and in Roberge et al (1995, Science 269: 202). 

To identify and isolate the peptide/solid phase support that interacts and forms a 
5 complex with a target molecule, preferably a target polypeptide, it may be necessary to 
label or "tag" the target polypeptide. The target polypeptide may be conjugated to any 
suitable reporter molecule, including enzymes such as alkaline phosphatase and 
horseradish peroxidase and fluorescent reporter molecules such as fluorescein 
isothyiocynate (FITC), phycoerythrin (PE) and rhodamine. Conjugation of any given 

10 reporter molecule, with target polypeptide, may be performed using techniques that are 
routine in the art. Alternatively, target polypeptide expression vectors may be engineered 
to express a chimeric target polypeptide containing an epitope for which a commercially 
available antigen-binding molecule exists. The epitope specific antigen-binding molecule 
may be tagged using methods well known in the art including labelling with enzymes, 

1 5 fluorescent dyes or coloured or magnetic beads. 

For example, the "tagged" target polypeptide conjugate is incubated with the 
random peptide library for 30 minutes to one hour at 22° C to allow complex formation 
between target polypeptide and peptide species within the library. The library is then 
washed to remove any unbound target polypeptide. If the target polypeptide has been 

20 conjugated to alkaline phosphatase or horseradish peroxidase the whole library is poured 
into a petri dish containing a substrate for either alkaline phosphatase or peroxidase, for 
example, 5-bromo-4-chloro-3-indoyl phosphate (BCIP) or 3,3',4,4"-diamnobenzidine 
(DAB), respectively. After incubating for several minutes, the peptide/solid phase-target 
polypeptide complex changes colour, and can be easily identified and isolated physically 

25 under a dissecting microscope with a micromanipulator. If a fluorescently tagged target 
polypeptide has been used, complexes may be isolated by fluorescent activated sorting. If a 
chimeric target polypeptide having a heterologous epitope has been used, detection of the 
peptide/target polypeptide complex may be accomplished by using a labelled epitope 
specific antigen-binding molecule. Once isolated, the identity of the peptide attached to the 

30 solid phase support may be determined by peptide sequencing. 

4. Method of modulating IGFBP activity 

The invention also extends to a method for modulating liver cell proliferation or 
tumorigenesis, comprising contacting said cell with an agent for a time and under 
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conditions sufficient to modulate the level and/or functional activity of an IGFBP 
expression product, especially an IGFBP polypeptide. 

In the following embodiments, an agent is suitably used to reduce, repress or 
otherwise inhibit cell proliferation or tumorigenesis. In one embodiment, the agent 
5 increases the level and/or functional activity of IGFBP-3. Any suitable IGFBP-3 inducers 
or stabilising/activating agents may be used in this regard and these can be identified or 
produced by methods for example disclosed in Section 3. In an alternate embodiment, the 
agent decreases the level and/or functional activity of IGFBP- 1 or IGFBP-2. Suitable 
IGFBP- 1 or IGFBP-2 inhibitors may be identified or produced by methods for example 
10 disclosed in Section 3. For example, a suitable IGFBP inhibitor may comprise 
oligoribonucleotide sequences, that include anti-sense RNA and DNA molecules and 
ribozymes that function to inhibit the translation of IGFBP protein-encoding mRNA. 

Anti-sense RNA and DNA molecules act to directly block the translation of 
mRNA by binding to targeted mRNA and preventing protein translation. In regard to 

1 5 antisense DNA, oligodeoxyribonucleotides derived fi*om the translation initiation site, e.g. , 
between -10 and +10 regions of a gene encoding a polypeptide according to the invention, 
are preferred. Ribozymes are enzymatic RNA molecules capable of catalysing the specific 
cleavage of RNA. The mechanism of ribozyme action involves sequence specific 
hybridisation of the ribozyme molecule to complementary target RNA, followed by a 

20 endonucleolytic cleavage. Within the scope of the invention are engineered hanmierhead 
motif ribozyme molecules that specifically and efficiently catalyse endonucleolytic 
cleavage of IGFBP^ especially IGFBP-1 or -2 RNA sequences. Specific ribozyme 
cleavage sites within any potential RNA target are initially identified by scanning the 
target molecule for ribozyme cleavage sites, which include the following sequences, GUA, 

25 GUU and GUC. Once identified, short RNA sequences of between 15 and 20 
ribonucleotides corresponding to the region of the target gene containing the cleavage site 
may be evaluated for predicted structural features such as secondary structure that may 
render the oligonucleotide sequence unsuitable. The suitability of candidate targets may 
also be evaluated by testing their accessibility to hybridisation with complementary 

30 oligonucleotides, using ribonuclease protection assays. 

Both anti-sense RNA and DNA molecules and ribozymes may be prepared by any 
method known in the art for the synthesis of RNA molecules. These include techniques for 
chemically synthesising oligodeoxyribonucleotides well known in the art such as for 
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example solid phase phosphoramidite chemical synthesis. Alternatively, RNA molecules 
may be generated by in vitro and in vivo transcription of DNA sequences encoding the 
antisense RNA molecule. Such DNA sequences may be incorporated into a wide variety of 
vectors which incorporate suitable RNA polymerase promoters such as the T7 or SP6 
5 polymerase promoters. Altematively, antisense cDNA constructs that synthesise antisense 
RNA constitutively or inducibly, depending on the promoter used, can be introduced stably 
into cell lines. 

Various modifications to the DNA molecules may be introduced as a means of 
increasing intracellular stability and half-life. Possible modifications include but are not 
10 limited to the addition of flanking sequences of ribo- or deoxy- nucleotides to the 5' and/or 
3' ends of the molecule or the use of phosphorothioate or 2' O-methyl rather than 
phosphodiesterase linkages within the oligodeoxyribonucleotide backbone. 

5. Methods of preparing an IGFBP polypeptide 

An IGFBP polypeptide or variant thereof may be prepared by any suitable 
15 procedure known to those of skill in the art. For example, the polypeptides may be 
prepared by a procedure including the steps of (a) preparing a recombinant polynucleotide 
comprising a nucleotide sequence encoding a polypeptide comprising the sequence set 
forth in any one of SEQ ID NO: 2, 4 or 6, or variant or derivative of these, which 
nucleotide sequence is operably linked to transcriptional and translational regulatory 
20 nucleic acid; (b) introducing the recombinant polynucleotide into a suitable host cell; (c) 
culturing the host cell to express recombinant polypeptide from said recombinant 
polynucleotide; and (d) isolating the recombinant polypeptide. Preferred nucleotide 
sequences include, but are not limited to the sequences set forth in SEQ ID NO: 1, 3 and 5. 

The recombinant polynucleotide is preferably in the form of an expression vector 
25 that may be a self-replicating extra-chromosomal vector such as a plasmid, or a vector that 
integrates into a host genome. The transcriptional and translational regulatory nucleic acid 
will generally be appropriate for the host cell used for expression. Numerous types of 
appropriate expression vectors and suitable regulatory sequences are known in the art for a 
variety of host cells. Typically, the transcriptional and translational regulatory nucleic acid 
30 may include, but is not limited to, promoter sequences, leader or signal sequences, 
ribosomal binding sites, transcriptional start and stop sequences, translational start and 
termination sequences, and enhancer or activator sequences. Constitutive or inducible 
promoters as known in the art are contemplated by the invention. The promoters may be 
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either naturally occxming promoters, or hybrid promoters that combine elements of more 
than one promoter. 

In a preferred embodiment, the expression vector contains a selectable marker 
gene to allow the selection of transformed host cells. Selection genes are well known in the 
5 art and will vary with the host cell used. 

The expression vector may also include a fusion partner (typically provided by the 
expression vector) so that the recombinant polypeptide of the invention is expressed as a 
fusion polypeptide with said fusion partner. The main advantage of fusion partners is that 
they assist identification and/or purification of said fiision polypeptide, hi order to express 

1 0 said fusion polypeptide, it is necessary to ligate a polynucleotide according to the invention 
into the expression vector so that the translational reading frames of the fusion partner and 
the polynucleotide coincide. Well known examples of fusion partners include, but are not 
limited to, glutathione- S -transferase (GST), Fc potion of human IgG, maltose binding 
protein (MBP) and hexahistidine (HISa), which are particularly useful for isolation of the 

15 fusion polypeptide by affinity chromatography. For the purposes of fusion polypeptide 
purification by affinity chromatography, relevant matrices for affinity chromatography are 
glutathione-, amylose-, and nickel- or cobalt-conjugated resins respectively. Many such 
matrices are available in "kit" form, such as the QIAexpress™ system (Qiagen) usefiil with 
(HISe) fusion partners and the Pharmacia GST purification system. In a preferred 

20 embodiment, the recombinant polynucleotide is expressed in the commercial vector 
pFLAG as described more fully hereinafter. 

Another fusion partner well known in the art is green fluorescent protein (GFP). 
This fusion partner serves as a fluorescent "tag" which allows the fusion polypeptide of the 
invention to be identified by fluorescence microscopy or by flow cytometry. The GFP tag 
25 is useful when assessing subcellular locahsation of the fusion polypeptide of the invention, 
or for isolating cells which express the fusion polypeptide of the invention. Flow 
cytometric methods such as fluorescence activated cell sorting (FACS) are particularly 
useful in this latter application. 

Preferably, the fusion partners also have protease cleavage sites, such as for 
30 Factor Xa or Thrombin, which allow the relevant protease to partially digest the fusion 
polypeptide of the invention and thereby liberate the recombinant polypeptide of the 
invention therefrom. The liberated polypeptide can then be isolated from the fusion partner 
by subsequent chromatographic separation. 
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Fusion partners according to the invention also include within their scope "epitope 
tags", which are usually short peptide sequences for which a specific antibody is available. 
Well known examples of epitope tags for which specific monoclonal antibodies are readily 
available include c-Myc, influenza virus, haemagglutinin and FLAG tags. 

5 The step of introducing into the host cell the recombinant polynucleotide may be 

effected by any suitable method including transfection, and transformation, the choice of 
which will be dependent on the host cell employed. Such methods are well known to those 
of skill in the art. 

Recombinant polypeptides of the invention may be produced by culturing a host 
10 cell transformed with an expression vector containing nucleic acid encoding a polypeptide, 
biologically active fragment, variant or derivative according to the invention. The 
conditions appropriate for protein expression will vary with the choice of expression vector 
and the host cell. This is easily ascertained by one skilled in the art through routine 
experimentation. 

15 Suitable host cells for expression may be prokaryotic or eukaryotic. One preferred 

host cell for expression of a polypeptide according to the invention is a bacterium. The 
bacterium used may be Escherichia coli. Alternatively, the host cell may be an insect cell 
such as, for example, SF9 cells that may be utilised with a baculovirus expression system. 

The recombinant protein may be conveniently prepared by a person skilled in the 
20 art using standard protocols as for example described in Sambrook, et al,, 1989, in 
particular Sections 16 and 17; Ausubel et al, (1994-1998), in particular Chapters 10 and 
16; and Coligan et al, (1995-1997), in particular Chapters 1, 5 and 6. 

Altematively, the polypeptide, fragments, variants or derivatives of the invention 
may be synthesised using solution synthesis or solid phase synthesis as described, for 
25 example, in Chapter 9 of Atherton and Shephard {supra) and in Roberge et al (1995). 

6. Compositions 

The modulatory agents described in Sections 3 and 4 (therapeutic agents) can be 
used as actives for modulating liver cell proliferation or tumorigenesis or for the treatment 
or prophylaxis of a liver cancer, particularly hepatocellular carcinoma, or related 
30 conditions as, for example, described below. These therapeutic agents can be administered 
to a patient either by themselves, or in pharmaceutical compositions where they are mixed 
with a suitable pharmaceutically acceptable carrier. 
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Accordingly, the invention also provides a composition for treatment and/or 
prophylaxis of a liver cancer or related condition, comprising an IGFB-3 polypeptide and 
optionally a pharmaceutically acceptable carrier. The invention also provides a 
composition for treatment and/or prophylaxis of a liver cancer or related condition, 
5 comprising an a modulatory agent that modulates the level and/or functional activity of an 
IGFBP including, but not limited to, IGFBP-1, IGFBP-2 and IGFBP-3, and optionally a 
pharmaceutically acceptable carrier. 

In one embodiment, the composition comprises a modulatory agent that reduces 
the level and/or functional activity of IGFBP-1 and/or IGFBP-2, together with a 
1 0 pharmaceutically acceptable carrier. In another embodiment, the composition comprises a 
modulatory agent that enhances the level and/or functional activity of IGFBP-3, together 
with a pharmaceutically acceptable carrier. 

Depending on the specific conditions being treated, therapeutic agents may be 
formulated and administered systemically or locally. Techniques for formulation and 

15 administration may be found in "Remington's Pharmaceutical Sciences," Mack Publishing 
Co., Easton, Pa., latest edition. Suitable routes may, for example, include oral, rectal, 
transmucosal, or intestinal administration; parenteral delivery, including intramuscular, 
subcutaneous, intramedullary injections, as well as intrathecal, direct intraventricular, 
intravenous, intraperitoneal, intranasal, or intraocular injections. For injection, the 

20 therapeutic agents of the invention may be formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks' solution. Ringer's solution, or 
physiological saline buffer. For transmucosal administration, penetrants appropriate to the 
barrier to be permeated are used in the formulation. Such penetrants are generally known 
in the art. Intra-muscular and subcutaneous injection is appropriate, for example, for 

25 administration of immunogenic compositions, vaccines and DNA vaccines. 

The agents can be formulated readily using pharmaceutically acceptable carriers 
well known in the art into dosages suitable for oral administration. Such carriers enable the 
compounds of the invention to be formulated in dosage forms such as tablets, pills, 
capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a 
30 patient to be treated. These carriers may be selected from sugars, starches, cellulose and its 
derivatives, malt, gelatine, talc, calcium sulphate, vegetable oils, synthetic oils, polyols, 
alginic acid, phosphate buffered solutions, emulsifiers, isotonic saline, and pyrogen-free 
water. 
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Pharmaceutical compositions suitable for use in the present invention include 
compositions wherein the active ingredients are contained in an effective amount to 
achieve its intended purpose. The dose of agent administered to a patient should be 
sufficient to effect a beneficial response in the patient over time such as a reduction in the 
5 symptoms associated with a liver cancer or related condition. The quantity of the agent(s) 
to be administered may depend on the subject to be treated inclusive of the age, sex, weight 
and general health condition thereof. In this regard, precise amoimts of the agent(s) for 
administration will depend on the judgement of the practitioner. In determining the 
effective amount of the agent to be administered in the treatment or prophylaxis of the liver 
10 cancer or related condition, the physician may evaluate tissue levels of an IGFBP 
polypeptide, and progression of the disorder. In any event, those of skill in the art may 
readily determine suitable dosages of the therapeutic agents of the invention. 

Pharmaceutical formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form. Additionally, suspensions of the 

15 active compounds may be prepared as appropriate oily injection suspensions. Suitable 
lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid 
esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions 
may contain substances which increase the viscosity of the suspension, such as sodium 
carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also contain 

20 suitable stabilisers or agents which increase the solubility of the compounds to allow for 
the preparation of highly concentrated solutions. 

Pharmaceutical preparations for oral use can be obtained by combining the active 
compounds with solid excipient, optionally grinding a resulting mixture, and processing 
the mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or 

25 dragee cores. Suitable excipients are, in particular, fillers such as sugars, including lactose, 
sucrose, mamiitol, or sorbitol; cellulose preparations such as., for example, maize starch, 
wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and/or 

polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as the 

30 cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodivmi 
alginate. Such compositions may be prepared by any of the methods of pharmacy but all 
methods include the step of bringing into association one or more therapeutic agents as 
described above with the carrier which constitutes one or more necessary ingredients. In 
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general, the pharmaceutical compositions of the present invention may be manufactured in 
a manner that is itself known, e.g., by means of conventional mixing, dissolving, 
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or 
lyophilising processes. 

5 Dragee cores are provided with suitable coatings. For this purpose, concentrated 

sugar solutions may be used, which may optionally contain gum arable, talc, polyvinyl 
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, 
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to 
the tablets or dragee coatings for identification or to characterise different combinations of 
1 0 active compound doses. 

Pharmaceutical which can be used orally include push-fit capsules made of 
gelatin, as well as soft, sealed capsules made of gelatin and a plasticiser, such as glycerol 
or sorbitol. The push-fit capsules can contain the active ingredients in admixture with filler 
such as lactose, binders such as starches, and/or lubricants such as talc or magnesium 
15 stearate and, optionally, stabilisers. Li soft capsules, the active compounds may be 
dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols. Li addition, stabilisers may be added. 

Dosage forms of the therapeutic agents of the invention may also include injecting 
or implanting controllea releasing devices designed specifically for this purpose or other 

20 forms of implants modified to act additionally in this fashion. Controlled release of an 
agent of the invention may be effected by coating the same, for example, with hydrophobic 
polymers including acrylic, resins, waxes, higher aliphatic alcohols, polylactic and 
polyglycolic acids and certain cellulose derivatives such as hydroxypropylmethyl cellulose, 
hi addition, controlled release may be effected by using other polymer matrices, liposomes 

25 and/or microspheres. 

Therapeutic agents of the invention may be provided as salts with 
pharmaceutically compatible counterions. Pharmaceutically compatible salts may be 
formed with many acids, including but not limited to hydrochloric, sulphuric, acetic, lactic, 
tartaric, malic, succinic, etc. Salts tend to be more soluble in aqueous or other protonic 
30 solvents that are the corresponding free base forms. 

For any compound used in the method of the invention, the therapeutically 
effective dose can be estimated initially firom cell culture assays. For example, a dose can 
be formulated in animal models to achieve a circulating concentration range that includes 
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the IC50 as determined in cell culture (e.g., the concentration of a test agent, which 
achieves a half-maximal inhibition or enhancement of IGFBP activity). Such information 
can be used to more accurately determine useful doses in humans. 

Toxicity and therapeutic efficacy of such therapeutic agents can be determined by 
5 standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose 
therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index and it can be expressed as the ratio LD50/ED50. 
Compounds that exhibit large therapeutic indices are preferred. The data obtained fi"om 

10 these cell culture assays and animal studies can be used in formulating a range of dosage 
for use in human. The dosage of such compoimds lies preferably within a range of 
circulating concentrations that include the ED50 with little or no toxicity. The dosage may 
vary within this range depending upon the dosage form employed and the route of 
administration utilised. The exact formulation, route of administration and dosage can be 

15 chosen by the individual physician in view of the patient's condition. (See for example 
Fingl et al, 1975, in "The Pharmacological Basis of Therapeutics", Ch. 1 pi). 

Dosage amount and interval may be adjusted individually to provide plasma 
levels of the active agent which are sufficient to maintain IGFBP-inhibitory or 
enhancement effects. Usual patient dosages for systemic administration range firom 1-2000 
20 mg/day, commonly from 1-250 mg/day, and typically from 10-150 mg/day. Stated in terms 
of patient body weight, usual dosages range from 0.02-25 mg/kg/day, commonly from 
0.02-3 mg/kg/day, typically from 0.2-1.5 mg/kg/day. Stated in terms of patient body 
surface areas, usual dosages range from 0.5-1200 mg/m /day, commonly from 0.5-150 
mg/m^/day, typically from 5-100 mg/m^/day. 

25 Alternately, one may administer the compound in a local rather than systemic 

manner, for example, via injection of the compoxmd directly into a tissue, which is 
preferably a heart muscle tissue or a liver tissue, often in a depot or sustained release 
formulation. Furthermore, one may administer the drug in a targeted drug delivery system, 
for example, in a liposome coated with tissue-specific antibody. The liposomes will be 

30 targeted to and taken up selectively by the tissue. In cases of local administration or 
selective uptake, the effective local concentration of the agent may not be related to plasma 
concentration. 
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Thus, the present invention also contemplates a method of gene therapy of a 
mammal. Such a method utilises a gene therapy construct which includes an isolated 
polynucleotide comprising a nucleotide sequence encoding an IGFBP— 3 or a biologically 
active fragment thereof, wherein said polynucleotide is ligated into a gene therapy vector 
5 which provides one or more regulatory sequences that direct expression of said 
polynucleotide in said mammal. 

Typically, gent therapy vectors are derived from viral DNA sequences such as 
adenovirus, adeno-associated viruses, herpes-simplex viruses and retroviruses. Suitable 
gene therapy vectors currently available to the skilled person may be found, for example, 
10 in Robbins et aL, 1998. 

If "anti-sense" therapy is contemplated (e.g., IGFBP-1 and/or -2), then one or 
more selected portions of a IGFBP- 1 and/or IGFBP'2 nucleic acid may be oriented 3'-> 5' 
in the gene therapy vector. 

Administration of the gene therapy construct to said mammal, preferably a 
15 human, may include delivery via direct oral intake, systemic injection, or delivery to 
selected tissue(s) or cells, or indirectly via delivery to cells isolated from the mammal or a 
compatible donor. An example of the latter approach would be stem-cell therapy, wherein 
isolated stem cells having potential for growth and differentiation are transfected with the 
vector comprising an IGFBP nucleic acid. The stem-cells are cultured for a period and then 
20 transferred to the mammal being treated. 

Delivery of said gene therapy construct to cells or tissues of said mammal or said 
compatible donor may be facilitated by microprojectile bombardment, liposome mediated 
transfection (e.g., lipofectin or lipofectamine), electroporation, calcium phosphate or 
DEAE-dextran-mediated transfection, for example. A discussion of suitable delivery 
25 methods may be found in Chapter 9 of Ausubel et aL, (1994-1998, supra). For example, a 
nucleic acid encoding IGFBP-3 may be introduced into a cell to enhance the ability of that 
cell to differentiate or to decrease proliferation. Alternatively, this may be achieved by 
introducing into a cell IGFBP- J and/or IGFBP-2 antisense sequences such as 3 *-* 5 ' 
oligonucleotides. 

30 In an alternate embodiment, a polynucleotide encoding a modulatory agent of the 

invention may be used as a therapeutic or prophylactic composition in the form of a "naked 
DNA" composition as is known in the art. For example, an expression vector comprising 
said polynucleotide operably linked to a regulatory polynucleotide (e.g. a promoter. 
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transcriptional terminator, enhancer etc) may be introduced into an animal, preferably a 
mammal, where it causes production of a modulatory agent in vivo, preferably in a heart 
muscle tissue or a liver tissue. 

The step of introducing the expression vector into a target cell or tissue will differ 
depending on the intended use and species, and can involve one or more of non-viral and 
viral vectors, cationic liposomes, retroviruses, and adenoviruses such as, for example, 
described in Mulligan, R.C., (1993). Such methods can include, for example: 

A. Local application of the expression vector by injection (Wolff et al., 1990), surgical 
implantation, instillation or any other means. This method can also be used in 
combination with local application by injection, surgical implantation, instillation or 
any other means, of cells responsive to the protein encoded by the expression vector so 
as to increase the effectiveness of that treatment. This method can also be used in 
combination with local application by injection, surgical implantation, instillation or 
any other means, of another factor or factors required for the activity of said protein. 

B. General systemic delivery by injection of DNA, (Calabretta et al., 1993), or RNA, 
alone or in combination with liposomes (Zhu et aL, 1993), viral capsids or 
nanoparticles (Bertling et al, 1991) or any other mediator of delivery. Improved 
targeting might be achieved by linking the polynucleotide/expression vector to a 
targeting molecule (the so-called "magic bullet" approach employing, for example, an 
antigen-binding molecule), or by local application by injection, surgical implantation or 
any other means, of another factor or factors required for the activity of the protein 
encoded by said expression vector, or of cells responsive to said protein, 

C. Injection or implantation or delivery by any means, of cells that have been modified ex 
vivo by transfection (for example, in the presence of calcium phosphate: Chen et al. , 
1987, or of cationic lipids and polyamines: Rose et al., 1991), infection, injection, 
electroporation (Shigekawa et al., 1988) or any other way so as to increase the 
expression of said polynucleotide in those cells. The modification can be mediated by 
plasmid, bacteriophage, cosmid, viral (such as adenoviral or retroviral; Mulligan, 1993; 
Miller, 1992; Salmons et al, 1993) or other vectors, or other agents of modification 
such as liposomes (Zhu et al, 1993), viral capsids or nanoparticles (Bertling et al, 
1991), or any other mediator of modification. The use of cells as a delivery vehicle for 
genes or gene products has been described by Barr a/., 1991 and by Dhawan et al.. 
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1991. Treated cells can be delivered in combination with any nutrient, growth factor, 
matrix or other agent that will promote their survival in the treated subject. 



In order that the invention may be readily understood and put into practical effect, 
5 particular preferred embodiments will now be described by way of the following non- 
limiting examples. 
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EXAMPLES 
EXAMPLE 1 

Reduction of IGFBP-S expression in human hepatocellular carcinoma 
Methods 

Collection of human HCC and adjacent non~tumour liver specimens 

Tissue samples were obtained intra-operatively from timiours and adjacent non- 
tumour livers during liver resection for HCC in 28 patients treated at the Singapore 
General Hospital, The samples were snap frozen in liquid nitrogen and stored at -80"^ C 
until analysis. A similar set of samples was fixed in 10% formalin and paraffin embedded. 
The diagnosis of HCC was confirmed histologically in all cases. Prior written informed 
consent was obtained from all patients and the study received ethics board approval at both 
institutions. 

hnmunolocalisation of IGFBP-3 

Formalin- and paraffin-embedded sections were used for IGFBP-3, IGF-II, and 
IGF-I immuno localisation. This was performed using rabbit anti-hmnan IGFBP-3 (1:500) 
(Upstate Biotechnology, Lake Placid, NY), rabbit anti-human IGF-I (3 /xg/mL) (Santa Cruz 
Biotechnology, Santa Cruz, CA) and rabbit anti-human IGF-II (3 /ig/mL) (Austral 
Biologicals, San Ramon, CA) antibodies as described (14). Non-specific staining was 
evaluated for each specimen using either a similar concentration of IgG or by absorbing the 
primary with appropriate specific inmiunogen. The slides were evaluated and intensity of 
the staining was scored. Specific staining was semi-quantitated by assigning a score of 0 to 
+++ based on increasing green fluorescence intensity. The results shown in TABLE 1 
represent the average score obtained from twice staining. 

Cell culture 

Human hepatoma HepG2 cells were obtained from ATCC and maintained as 
monolayer cultures in Modified Eagle's Media (MEM) (Gibco, Grand Island, NY) 
supplemented with 10% foetal calf serum (FCS) (Gibco, Grand Island, NY) growth 
medium. For proliferation study, confluent cultures of HepG2 cells were trypsinised and 
plated at 2.0 x 10"^ cells in 24-well plates with growth medimn. After 48h, the cell 
monolayers were rinsed twice with MEM phenol-red serum free (PSF) media and 
incubated fiirther in PSF medium for 24h. After 24h, various concentrations of human 
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recombinant IGFBP-3 (hrIGFBP-3) (Celtrix, CA), human recombinant IGF-I (hrlGF-I, 
GroPep, Adelaide, Australia) or 25 ng/mL hrlGF-I in conjunction with various 
concentrations of hrIGFBP-3 were added in triplicate in SPF media for 48 h. Cell number 
was determined as previously described (14). 

5 To determine the effect of exogenous IGF-II and autocrine IGF-II production on 

HepG2 cell proliferation, HepG2 cells were plated and grown as described above and the 
cells subsequently treated with rabbit pre-immune serum (1:800), 25 ng/mL hrlGF-II 
(GroPep, Adelaide, Australia), rabbit anti-human IGF-II antibody (2 /xg/mL) or with 
combination for 48 h. Cell number was determined as described above. 

10 Westem Blotting 

To determine changes in the expression of IGFBP-3 and IGF-IR, snap-frozen 
HCC tumours and normal adjacent liver tissues were thawed and homogenised in lysis 
buffer (1 mM CaC12, 1 mM MgC12, 1% NP-40, 1 fig/mL leupeptin, 1 ^g/mL aprotinin, 1 
[iM PMSF, and 100 fiM NaV04). Proteins were subjected to Westem blot analysis as 

15 described (15). Blots were incubated with 1:5000 anti-human IGFBP-3 (Upstate 
Biotechnology), 1 /ig/mL anti-human IGF-IR (Santa Cruz, CA), 0.5 /xg/mL anti a-tubulin 
(Santa Cruz, CA) antibodies and 1:7500 horseradish peroxidase-conjugated donkey anti- 
mouse or anti-rabbit secondary antibody (Pierce, Rockford, Illinois). The blots were then 
visualised with a chemiluminescent detection system as described by the manufacturer 

20 (ECL, Amersham). 

Results 

In the adult human, the liver is the main source of circulating IGF-I and IGFBP-3 
(12, 13). Since local expression of IGF-I is important in autocrine and paracrine 
stimulation and the IGFBP-3 appears to decrease the mitogenic activity of free IGF-I, 

25 presxmiably by competing with type I IGF receptors for the ligand, the IGFBP-3 levels in 
the HCC samples were determined. Total tissue lysates from both HCC cancers and 
adjacent morphologically normal liver cells were subjected to Westem blot analysis. The 
resulting blots were incubated with IGFBP-3 antibody. Figure 1 shows that IGFBP-3 
protein (a complex spanning 38-42 kDa) was either absent or low in HCC compared to 

30 adjacent normal tissues. Unlike IGFBP-3 detected in the serum, which comprises two 
forms (42 and 38 kDa bands) of equal intensity, the 38 kDa IGFBP-3 was the predominant 
form in all normal liver tissue. This band was undetectable in 28.5% (8 of 28) of HCC 
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samples examined (TABLE 1). Although the remaining tumours (20 of 28; 71.5%) 
expressed IGFBP-3, the level was significantly lower than that observed in normal 
adjacent tissue (p<0.01). Densitometric scanning showed IGFBP-3 levels to be 4 to 100- 
fold higher in normal liver tissue than in HCC. Subsequent blotting with anti-cx-tubulin 
5 antibody showed relatively equal amounts of total protein loaded per lane (Figure 1). Figure 
1 C also demonstrated that proteolysis of IGFBP-3 was unlikely to be responsible for the 
low levels or absence of IGFBP-3 fi*om HCC samples because low molecular weight 
IGFBP-3 fi-agments were not clearly detected on Western blot analysis of the tissue 
samples. The IGFBP-3 fi-agments, however, were detected in serum samples. 

10 To confirm the above observation, immunohistochemical staining of HCC and 

normal adjacent liver tissues was performed using anti-human IGFBP-3 antibody which 
recognised both intact and firagmented IGFBP-3 protein. IGFBP-3 protein was clearly 
localised to almost all cells in the adjacent normal tissue (Figure 2A). However, this signal 
was absent (Figure 2B) in HCC, indicating that IGFBP-3 expression was either inactivated 

15 or decreased in these neoplastic cells. 

To determine if HCC also expressed IGF-I and IGF-II, HCC and adjacent normal 
liver tissues were stained with anti-IGF-I and anti-IGF-II antibodies, respectively. 
Although normal adjacent tissues stained positively for IGF-I (Figure 3 A), the expression 
was significantly decreased in HCC (Figvire 3B). Approximately 64% (18/28) and 36% 

20 (10/28) of HCC samples examined had moderate and low IGF-I expression, respectively 
(TABLE 1) which is consistent with a previous report (28). IGF-II staining (Figures 3C 
and 3D), in contrast, was approximately equal (68%; 19 of 28) or more intense (32%; 9 of 
28) in HCC compared to normal liver tissue (TABLE 1). These observations are in 
agreement with previous reports demonstrating over-expression of IGF-II in HCC (9-1 1). 

25 Our data suggests that IGF autocrine and paracrine loops exist in HCC. 

Since IGFs stimulate growth responses in liver cells by binding to the IGF-I 
receptor (IGF-IR), IGF-IR levels in HCC and normal adjacent tissue samples were 
examined. Approximate 39% of HCC tumours had significantly lower IGF-IR levels than 
non-neoplastic adjacent liver tissues (p<0.01) (Figure 4, TABLE 1). 

30 To test the hypothesis that IGF-I and IGF-II play a role in mediating tumour cell 

growth, HepG2 cells were treated with various concentrations of human recombinant IGF-I 
or IGF-II for 48 h. Figure 5A shows dose-dependent growth stimulation by IGF-I. Similar 
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effects were observed when HepG2 cells were treated with IGF-II (data not shown). Four- 
fold increase in cell number was observed at the dose of 25 ng/mL IGF— I (p<0.01). 

As IGFBP~3 protein was undetectable or lost in the majority of HCC samples 
(Figure 1) and IGFBP-3 has been shown to inhibit cancer cells in an IGF-independent 
5 pathway (14), the inventors attempted to demonstrate the antiproliferative action of 
IGFBP-3 on HepG2 cells. Approximate 40% and 52% inhibition of basal proliferation by 
250 ng/mL and 500 ng/mL hrIGFBP-3, respectively (p<0.01) was obtained (Figure 5B). 
Concentrations of rhIGFBP-3 up to 1 /xg/mL did not further inhibit proliferation. 

To determine if the proliferative action of IGF-I can be attenuated in the presence 
10 of IGFBP-3, HepG2 cells were treated with hrlGFBP-3 in the presence and absence of 
IGF-I for 48 h. As shown in Figure 5C, treatment of HepG2 with 25 ng/mL IGF-I for 48h 
resulted in a 2.8-fold increase in cell number (p<0.01). IGF-induced HepG2 proliferation 
was significantly attenuated (p<0.01) in the presence of 250 ng/mL IGFBP-3 and 
completely abolished at the concentration of 500 ng/mL. This result suggests that IGFBP-3 
1 5 attenuated IGF-I-induced HepG2 proUferation by reducing IGF-I bioavailability. 

To test the hypothesis that autocrine production of IGF-II by liver cancer cells 
plays a role in mediating liver cancer cell gjcowth^ HepG2 cells, which has been shown to 
secrete IGF-II (8), were treated with anti-IGF-II, IGF-II or with a combination for 48 h. 
Figure 5D shows a 3-fold induction of basal proliferation by 25 ng/mL IGF-II (p<0.01). 
20 This induction was significantly attenuated by IGF-II antibody (p<0.01), whereas pre- 
immune serum was not significantly affected. IGF-II antibody alone caused a 35% 
reduction in cell number (p<0.05). These results suggest that the rapid proliferation of liver 
cancer cells in vivo and in vitro may at least, in part, be a consequence of autocrine 
stimulation mediated by IGF-II expression. 

25 EXAMPLE 2 

Insulin-like ^owth factor binding protein levels in serum of hepatocellular carcinoma 

patients: Potential Markers for HCC 

Methods 

Serum collection fi-om human HCC. prostate cancer, BPH and healthy patients. 

30 Prior written informed consent was obtained fi*om all patients and the study 

received ethics board approval at both institutions. HCC serum samples (n=116) were 
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obtained from patients from intra-venous access line during surgery (n=17) and from 
venous blood samples obtained from patients during index outpatient visit and on every 
monthly outpatient visit (n=99) at the Singapore General Hospital. The diagnosis of HCC 
was confirmed histologically in all cases. Serum from non-HCC (n=45), prostate cancer 
5 (n=29) and benign prostate hyperplasia (n=36) were obtained from venous blood samples 
obtained from patients during outpatient visit at Urology Centre, Singapore General 
Hospital. The serum was separated from blood samples and were snap frozen in liquid 
nitrogen and stored at -80° C imtil analysis. 

Western blot analysis 

10 To determine changes in the expression of IGFBP-3, IGFBP-1, IGFBP-2 and 

alpha fetoprotein, 3.5 ixL serum were subjected to Westem blot analysis as described (14). 
Blots were incubated with rabbit anti-human IGFBP-3 (1:5000), rabbit anti-bovine 
IGFBP-2 (1:2500), rabbit anti-human IGFBP-1 (1:2000) and rabbit anti-human-alpha 
fetoprotein (1:200) antibodies and 1:7500 horseradish peroxidase-conjugated donkey anti- 

15 mouse or anti-rabbit secondary antibody (Pierce, Rockford, Illinois). The blots were then 
visualised with a chemilvuninescent detection system as described by the manufacturer 
(ECL, Amersham). IGFBP-1, IGFBP-2 and IGFBP-3 were purchased from (Upstate 
Biotechnology). 

Results 

20 In the adult human, the liver is the main source of circulating, IGF-I, IGFBP-1 

and IGFBP-3 (12, 13). Since local expression of IGF-I is important in autocrine and 
paracrine stimulation and the IGFBPs appear to regulate the mitogenic activity of free 
IGF-I, the IGFBP-3, IGFBP-2 and IGFBP-1 levels in the HCC serum samples were 
determined. Serum from HCC patients were subjected to Westem blot analysis. The 

25 serums derived from prostate cancer, BPH and healthy patients served as controls. 

While IGFBP-3 detected in the serum comprises two forms, 42 and 38 kDa, these 
forms were undetectable in 70% (81 of 116) of HCC serum samples examined. Although 
the remaining HCC serum samples had detectable IGFBP-3, the levels were significantly 
lower than that observed in control serum samples (Figure 6A-6P). Unlike IGFBP-3, 
30 IGFBP-2 and IGFBP-1 levels were low in control serum samples. Both IGFBP-2 and 
IGFBP-1 levels were increased in HCC serum but not others. IGFBP-3 levels were 
inversely correlated with HCC while IGFBP-1 and IGFBP-2 levels were positively 
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correlated with HCC. The elevation of IGFBP-1 was more closely associated with HCC 
conditioned than IGFBP-2. Since AFP levels have been shown to be useful in detecting 
hepatocellular carcinoma (HCC), the AFP levels were determined. As shown for example 
in Figure 6E, approximately 20% of HCC serum samples did not show any increase in 
5 AFP. Thus, the serum AFP was not always correlated with the presence of HCC. 

The disclosure of every patent, patent application, and publication cited herein is 
hereby incorporated herein by reference in its entirety. 

The citation of any reference herein should not be construed as an admission that 
10 such reference is available as "Prior Art" to the instant application 

Throughout the specification the aim has been to describe the preferred 
embodiments of the invention without limiting the invention to any one embodiment or 
specific collection of features. Those of skill in the art will therefore appreciate that, in 
light of the instant disclosure, various modifications and changes can be made in the 
15 particular embodiments exemplified without departing from the scope of the present 
invention. All such modifications and changes are intended to be included within the scope 
of the appended claims. 
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TABLES 
TABLE 1 



Expression of IGFs, IGFBP-3 and IGF-IR in normal adjacent liver tissues and HCC 
Tumours 



Genes Examined 


Normal adjacent Liver Tissues 


HCC Tumours 




(n - 28) 


(n = 28) 


Intense staining of IGF— I 


y-r-r (lUUyo^ 


1 1 1 Q/OQ {4^A0A\ 

io/Zo (Oh-ZoJ 

^ lU/Zo \D\y /o) 


Intense staining of IGF-II 


+++(100%) 


+++ 19/28 (68%) 
++++ 9/28 (32%) 


Expression levels of IGFBP— 3 levels: 
(compared witn normal ana aajacent 
tissue of the same patient) 






• Normal 


28/28 (100%) 


0/28 (0%) 


• Low 


0/28 (0%) 


8/28 (28.5%) 


• Undetectable 


0/28 (0%) 


20/28 (71.5%) 


IGF-IR expression levels: 






(compared with normal and adjacent 
tissue of the same patient) 






• Normal 


28/28 (100%) 


17/28 (61%) 


• Low 


0/28 (0%) 


1 1/28 (39%) 



5 
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CLAIMS 

1. A method for detecting the presence or diagnosing the risk of a liver cancer in a 
patient, comprising detecting in a biological sample obtained from said patient aberrant 
expression of a gene encoding an insulin-like growth factor binding protein (IGFBP). 

2. The method of claim 1, wherein said IGFBP is selected from IGFBP-1, IGFBP-2 or 
IGFBP-3. 

3. The method of claim 1, wherein said aberrant expression is detected by detecting a 
level and/or functional activity of an expression product of an IGFBP-1 gene, which is 
elevated relative to a normal reference level and/or functional activity of said 
expression product. 

4. The method of claim 1, wherein said aberrant expression is detected by detecting a 
level and/or functional activity of an expression product of an IGFBP-2 gene, which is 
elevated relative to a normal reference level and/or functional activity of said 
expression product. 

5. The method of claim 1, wherein said aberrant expression is detected by detecting a 
level and/or functional activity of an expression product of an IGFBP-3 gene, which is 
reduced relative to a normal reference level and/or fimctional activity of said 
expression product. 

6. The method of any one of claims 3 to 5, wherein the level and/or functional activity of 
said expression product in the biological sample obtained from said patient differs by at 
least 10% compared to the level and/or functional activity of said expression product in 
a biological sample obtained from normal patients or from patients who are not 
afflicted with said liver cancer. 

7. The method of any one of claims 3 to 5, wherein said expression product is a transcript. 

8. The method of aay one of claims 3 to 5, wherein said expression product is a 
polypeptide. 

9. The method of claim 1, wherein said liver cancer is liver cell carcinoma. 

10. The method of claim 1, wherein said biological sample comprises a fluid selected from 
whole blood, plasma, lymph, saliva, mucus secretion and respiratory fluid. 
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11. The method of claim 1, wherein said biological sample comprises a circulatory fluid 
selected from serum or whole blood or a fractionated portion thereof. 

12. The method of claim 1, wherein said biological sample comprises serum or a 
fractionated portion thereof. 

13. A method for detecting the presence or diagnosing the risk of a liver cancer in a 
patient, comprising detecting in a biological sample obtained from said patient: 

- a level and/or functional activity of an expression product of an IGFBP-1 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-1 expression product; and/or 

- a level and/or functional activity of an expression product of an IGFBP-2 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-2 expression product; and/or 

- a level and/or functional activity of an expression product of an IGFBP-3 
gene, which is reduced relative to a normal reference level and/or functional activity 
of said IGFBPS expression product. 

14. A method for detecting the presence or diagnosing the risk of a liver cancer in a 
patient, comprising detecting in a biological sample obtained from said patient: 

- a level and/or functional activity of an expression product of an IGFBP-1 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-1 expression product; and 

- a level and/or functional activity of an expression product of an IGFBP-2 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP—2 expression product. 

15. A method for detecting the presence or diagnosing the risk of a liver cancer in a 
patient, comprising detecting in a biological sample obtained from said patient: 

- a level and/or functional activity of an expression product of an IGFBP-1 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP—1 expression product; and 

- a level and/or functional activity of an expression product of an IGFBP-3 
gene, which is reduced relative to a normal reference level and/or functional activity 
of said IGFBP—3 expression product. 
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16. A method for detecting the presence or diagnosing the risk of a liver cancer in a 
patient, comprising detecting in a biological sample obtained from said patient: 

— a level and/or functional activity of an expression product of an IGFBP'-2 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-2 expression product; and 

— a level and/or functional activity of an expression product of an IGFBP-3 
gene, which is reduced relative to a normal reference level and/or functional activity 
of said IGFBP-3 expression product. 

17. A method for detecting the presence or diagnosing the risk of a liver cancer in a 
patient, comprising detecting in a biological sample obtained from said patient: 

— a level and/or functional activity of an expression product of an IGFBP—1 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-1 expression product; and 

— a level and/or functional activity of an expression product of an IGFBP-2 
gene, which is elevated relative to a normal reference level and/or functional activity 
of said IGFBP-2 expression product; and 

— a level and/or functional activity of an expression product of an IGFBP—3 
gene, which is reduced relative to a normal reference level and/or functional activity 
of said IGFBP-3 expression product. 

18. A method for prognostic assessment of a liver cancer in a patient, comprising detecting 
in a biological sample obtained from said patient aberrant expression of at least one 
gene encoding an IGFBP. 

19. Use of an agent in the manufacture of a medicament for treating and/or preventing a 
liver cancer, wherein said agent is optionally formulated with a pharmaceutically 
acceptable carrier and is identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
a gene selected from an IGFBP gene or a gene relating to the same regulatory or 
biosynthetic pathway as the IGFBP gene, or a variant or derivative of said expression 
product, or comprising a genetic sequence which regulates expression of said 
expression product and which is operably connected to a marker gene, with said agent; 
and 
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- detecting a change in the level and/or functional activity of said at least a portion 
of said expression product or said variant or derivative or a change in the level of 
expression of said marker gene. 

20. Use of an agent that reduces the level and/or functional activity of an expression 
product of an IGFBP-1 gene in the manufacture of a medicament for treating and/or 
preventing a liver cancer, wherein said agent is optionally formulated with a 
pharmaceutically acceptable carrier and is identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-1 gene, or a variant or derivative of said expression product, or comprising a 
genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

- detecting a reduction in the level and/or functional activity of said at least a 
portion of said expression product or said variant or derivative or a reduction in the 
level and/or functional activity of an expression product of said marker gene. 

2 1 . Use of an agent that reduces the level and/or functional activity of an expression 
product of an IGFBP-2 gene in the manufacture of a medicament for treating and/or 
preventing a liver cancer, wherein said agent is optionally formulated with a 
pharmaceutically acceptable carrier and is identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-2 gene, or a variant or derivative of said expression product, or comprising a 
genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

- detecting a reduction in the level and/or functional activity of said at least a 
portion of said expression product or said variant or derivative or a reduction in the 
level and/or functional activity of an expression product of said marker gene. 

22. Use of an agent that increases the level and/or functional activity of an expression 
product of an IGFBP-3 gene in the manufacture of a medicament for treating and/or 
preventing a liver cancer, wherein said agent is optionally formulated with a 
pharmaceutically acceptable carrier and is identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-3 gene, or a variant or derivative of said expression product, or comprising a 
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genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

- detecting an increase in the level and/or functional activity of said at least a 
portion of said expression product or said variant or derivative or an increase in the 
level and/or functional activity of an expression product of said marker gene. 

23. The use of claim 20 or claim 21, wherein said agent is an antisense oligonucleotide or 
ribozyme that binds to, or otherwise interacts specifically with, a polynucleotide 
selected from an IGFBP-1 polynucleotide, an IGFBP-2 polynucleotide or complement 
of these. 

24. The use of claim 20 or claim 21, wherein said agent is an antigen-binding molecule that 
is immimo-interactive with IGFBP-1 and/or IGFBP-2. 

25. The use of claim 22, wherein said agent comprises an IGFBP-3 polypeptide or a 
biologically active fragment thereof, or variant or derivative of these. 

26. The use of claim 22, wherein said agent comprises a polynucleotide encoding an 
IGFBP-3 polypeptide or a biologically active fragment thereof, or variant or derivative 
of these, wherein said polynucleotide is operably coimected to a regulatory 
polynucleotide. 

27. Use of a vector in the manufacture of a medicament, which is optionally formulated 
with a pharmaceutically acceptable carrier, for the treatment and/or prophylaxis of a 
liver cancer or related condition, wherein said vector comprises at least a portion of an 
IGFBP-3 polynucleotide operably linked, in the sense direction, to a regulatory 
polynucleotide. 

28. Use of a vector in the manufacture of a medicament, which is optionally formulated 
with a pharmaceutically acceptable carrier, for the treatment and/or prophylaxis of a 
liver cancer or related condition, wherein said vector comprises an isolated IGFBP-1 
polynucleotide operably linked, in the antisense direction, to a regulatory 
polynucleotide. 

29. Use of a vector in the manufacture of a medicament, which is optionally formulated 
with a pharmaceutically acceptable carrier, for the treatment and/or prophylaxis of a 
liver cancer or related condition, wherein said vector comprises an isolated IGFBP-2 
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polynucleotide operably linked, in the antisense direction, to a regulatory 
polynucleotide. 

30. A method for modulating Uver cell proliferation or tumorigenesis, comprising 
contacting a liver cell with an agent for a time and under conditions sufficient to 
modulate the level and/or functional activity of an IGFBP expression product, wherein 
said agent is optionally formulated with a pharmaceutically acceptable carrier and is 
identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
a gene selected firom an IGFBP gene or a gene relating to the same regulatory or 
biosynthetic pathway as the IGFBP gene, or a variant or derivative of said expression 
product, or comprising a genetic sequence which regulates expression of said 
expression product and which is operably connected to a marker gene, with said agent; 
and 

- detecting a change in the level and/or fimctional activity of said at least a portion 
of said expression product or said variant or derivative or a change in the level of 
expression of said marker gene. 

3 1 . A method for modulating liver cell proliferation or tumorigenesis, comprising 
contacting a liver cell with an agent for a time and under conditions sufficient to reduce 
the level and/or functional activity of an IGFBP-l expression product, wherein said 
agent is optionally formulated with a pharmaceutically acceptable carrier and is 
identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-l gene, or a variant or derivative of said expression product, or comprising a 
genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

- detecting a reduction in the level and/or functional activity of said at least a 
portion of said expression product or said variant or derivative or a reduction in the 
level and/or functional activity of an expression product of said marker gene. 

32. A method for modulating liver cell proliferation or tumorigenesis, comprising 
contacting a liver cell with an agent for a time and imder conditions sufficient to reduce 
the level and/or functional activity of an IGFBP-2 expression product, wherein said 
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agent is optionally formulated with a pharmaceutically acceptable carrier and is 
identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-2 gene, or a variant or derivative of said expression product, or comprising a 
genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

- detecting a reduction in the level and/or functional activity of said at least a 
portion of said expression product or said variant or derivative or a reduction in the 
level and/or functional activity of an expression product of said marker gene. 

33. A method for modulating liver cell proliferation or tumorigenesis, comprising 
contacting a liver cell with an agent for a time and under conditions sufficient to 
increase the level and/or functional activity of an IGFBP-3 expression product, wherein 
said agent is optionally formulated with a pharmaceutically acceptable carrier and is 
identifiable by a screening assay comprising: 

- contacting a preparation comprising at least a portion of an expression product of 
an IGFBP-3 gene, or a variant or derivative of said expression product, or comprising a 
genetic sequence which regulates expression of said expression product and which is 
operably connected to a marker gene, with said agent; and 

- detecting an increase in the level and/or functional activity of said at least a 
portion of said expression product or said variant or derivative or an increase in the 
level and/or functional activity of an expression product of said marker gene. 

34. A method for treatment and/or prophylaxis of a liver cancer or related condition, 
comprising administering to a patient in need of such treatment an effective amount of 
an agent that modulates the level and/or functional activity of an IGFBP expression 
product. 

35. A method for treatment and/or prophylaxis of a liver cancer or related condition, 
comprising administering to a patient in need of such treatment an effective amount of 
an agent that decreases the level and/or functional activity of an IGFBP-1 expression 
product. 

36. A method for treatment and/or prophylaxis of a liver cancer or related condition, 
comprising administering to a patient in need of such treatment an effective amount of 
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an agent that decreases the level and/or functional activity of an IGFBP-2 expression 
product. 

37. A method for treatment and/or prophylaxis of a liver cancer or related condition, 
comprising administering to a patient in need of such treatment an effective amount of 
an agent that increases the level and/or functional activity of an IGFBP—3 expression 
product. 
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SEQUENCE LISTING 

<110> National Cancer Centre of Singapore (all states, except U.S.) 
Singapore General Hospital Pte Ltd (all states, except U.S.) 
Huynh, The Hung (U.S. only) 
Chow, Pierce Kah Hoe (U.S. only) 
Soo, Khee Chee (U.S. only) 

<12 0> Polynucleotides and polypeptides linked to cancer 

<130> 2521505/VPA 

<140> Yet to be assigned 
<141> 2002-05-03 

<150> U.S. 60/288,441 
<151> 2001-05-03 

<160> 12 

<170> Patentin version 3.1 

<210> 1 

<211> 1514 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (166) . . (945) 

<223> 



<400> 1 

atcggccacc gccatcccat ccagcgagca tctgccgccg cgccgccgcc accctcccag 60 

agagcactgg ccaccgctcc accatcactt gcccagagtt tgggccaccg cccgccgcca 12 0 

ccagcccaga gagcatcggc ccctgtctgc tgctcgcgcc tggag atg tea gag gtc 177 

Met Ser Glu Val 
1 

ccc gtt get cgc gtc tgg ctg gta ctg etc ctg ctg act gtc cag gte 225 
Pro Val Ala Arg Val Trp Leu Val Leu Leu Leu Leu Thr Val Gin Val 
5 10 15 20 

ggc gtg aca gee ggc get ccg tgg cag tgc gcg ccc tgc tec gee gag 2 73 

Gly Val Thr Ala Gly Ala Pro Trp Gin Cys Ala Pro Cys Ser Ala Glu 

25 30 35 

aag etc gcg etc tgc eeg ccg gtg tec gee teg tgc teg gag gtc ace 321 
Lys Leu Ala Leu Cys Pro Pro Val Ser Ala Ser Cys Ser Glu Val Thr 

40 45 50 

egg tee gee ggc tgc ggc tgt tgc eeg atg tgc gee ctg eet ctg ggc 369 
Arg Ser Ala Gly Cys Gly Cys Cys Pro Met Cys Ala Leu Pro Leu Gly 
55 60 65 

gee gcg tgc ggc gtg gcg act gca ege tgc gee egg gga etc agt tgc 417 
Ala Ala Cys Gly Val Ala Thr Ala Arg Cys Ala Arg Gly Leu Ser Cys 
70 75 80 
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cgc gcg ctg ccg ggg gag cag caa cct ctg cac gcc etc acc cgc ggc 465 
Arg Ala Leu Pro Gly Glu Gin Gin Pro Leu His Ala Leu Thr Arg Gly 
85 90 95 100 

caa ggc gcc tgc gtg cag gag tct gac gcc tec get cec cat get gca 513 
Gin Gly Ala Cys Val Gin Glu Ser Asp Ala Ser Ala Pro His Ala Ala 

105 110 115 

gag gca ggg age cct gaa age cca gag age aeg gag ata act gag gag 561 
Glu Ala Gly Ser Pro Glu Ser Pro Glu Ser Thr Glu lie Thr Glu Glu 

120 125 130 

gag etc ctg gat aat ttc cat ctg atg gee cct tct gaa gag gat cat 609 
Glu Leu Leu Asp Asn Phe His Leu Met Ala Pro Ser Glu Glu Asp His 
135 140 145 

tec ate ett tgg gac gee ate agt acc tat gat ggc teg aag get etc 657 
Ser lie Leu Trp Asp Ala lie Ser Thr Tyr Asp Gly Ser Lys Ala Leu 
150 155 160 

cat gte acc aac ate aaa aaa tgg aag gag cec tgc ega ata gaa etc 705 
His Val Thr Asn lie Lys Lys Trp Lys Glu Pro Cys Arg lie Glu Leu 
165 170 175 180 

tac aga gtc gta gag agt tta gcc aag gca cag gag aca tea gga gaa 753 
Tyr Arg Val Val Glu Ser Leu Ala Lys Ala Gin Glu Thr Ser Gly Glu 

185 190 195 

gaa att tec aaa ttt tac ctg cca aac tgc aac aag aat gga ttt tat 801 
Glu lie Ser Lys Phe Tyr Leu Pro Asn Cys Asn Lys Asn Gly Phe Tyr 

200 205 210 

cac age aga cag tgt gag aca tec atg gat gga gag gcg gga etc tgc 849 
His Ser Arg Gin Cys Glu Thr Ser Met Asp Gly Glu Ala Gly Leu Cys 
215 220 225 



tgg tgc gte tac cct tgg aat ggg aag agg ate cct ggg tct cca gag 
Trp Cys Val Tyr Pro Trp Asn Gly Lys Arg lie Pro Gly Ser Pro Glu 
230 235 240 



897 



ate agg gga gac cec aac tgc cag ata tat ttt aat gta caa aac tga 945 
lie Arg Gly Asp Pro Asn Cys Gin lie Tyr Phe Asn Val Gin Asn 
245 250 255 

aaccagatga aataatgttc tgtcacgtga aatatttaag tatatagtat atttatactc 1005 

tagaacatgc acatttatat atatatgtat atgtatatat atatagtaac tactttttat 1065 

actceataca taacttgata tagaaagctg tttatttatt cactgtaagt ttatttttte 1125 

tacacagtaa aaacttgtac tatgttaata acttgtceta tgtcaatttg tatatcatga 1185 

aacacttcte ateatattgt atgtaagtaa ttgeatttet getettccaa agetcctgeg 1245 

tctgttttta aagagcatgg aaaaatactg cctagaaaat geaaaatgaa ataagagaga 1305 

gtagttttte agetagtttg aaggaggaeg gttaacttgt atattecace attcacattt 1365 

gatgtacatg tgtagggaaa gttaaaagtg ttgattacat aatcaaaget aectgtggtg 142 5 

atgttgecac etgttaaaat gtaeaetgga tatgttgtta aacacgtgtc tataatggaa 14 85 
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acatttacaa taaatattct gcatggaaa 1514 



<210> 2 

<211> 259 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met Ser Glu Val Pro Val Ala Arg Val Trp Leu Val Leu Leu Leu Leu 
15 10 15 



Thr Val Gin Val Gly Val Thr Ala Gly Ala Pro Trp Gin Cys Ala Pro 

20 25 30 



Cys Ser Ala Glu Lys Leu Ala Leu Cys Pro Pro Val Ser Ala Ser Cys 
35 40 45 



Ser Glu Val Thr Arg Ser Ala Gly Cys Gly Cys Cys Pro Met Cys Ala 
50 55 60 



Leu Pro Leu Gly Ala Ala Cys Gly Val Ala Thr Ala Arg Cys Ala Arg 
65 70 75 80 



Gly Leu Ser Cys Arg Ala Leu Pro Gly Glu Gin Gin Pro Leu His Ala 

85 90 95 



Leu Thr Arg Gly Gin Gly Ala Cys Val Gin Glu Ser Asp Ala Ser Ala 

100 105 110 



Pro His Ala Ala Glu Ala Gly Ser Pro Glu Ser Pro Glu Ser Thr Glu 
115 120 125 



lie Thr Glu Glu Glu Leu Leu Asp Asn Phe His Leu Met Ala Pro Ser 
130 135 140 



Glu Glu Asp His Ser lie Leu Trp Asp Ala lie Ser Thr Tyr Asp Gly 
145 150 155 160 



Ser Lys Ala Leu His Val Thr Asn lie Lys Lys Trp Lys Glu Pro Cys 

165 170 175 



Arg lie Glu Leu Tyr Arg Val Val Glu Ser Leu Ala Lys Ala Gin Glu 

180 185 190 



Thr Ser Gly Glu Glu lie Ser Lys Phe Tyr Leu Pro Asn Cys Asn Lys 
195 200 205 



wo 02/090580 



PCT/AU02/00558 



-4- 

Asn Gly Phe Tyr His Ser Arg Gin Cys Glu Thr Ser Met Asp Gly Glu 
210 215 220 



Ala Gly Leu Cys Trp Cys Val Tyr Pro Trp Asn Gly Lys Arg lie Pro 
225 230 235 240 



Gly Ser Pro Glu lie Arg Gly Asp Pro Asn Cys Gin He Tyr Phe Asn 

245 250 255 



Val Gin Asn 



<210> 3 

<211> 1433 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (118) . . (1104) 

<223> 



<400> 3 

attcggggcg agggaggagg aagaagcgga ggaggcggct cccgctcgca gggccgtgca 60 

cctgcccgcc cgcccgctcg ctcgctcgcc cgccgcgccg cgctgccgac cgccagc 117 

atg ctg ccg aga gtg ggc tgc ccc gcg ctg ccg ctg ccg ccg ccg ccg 165 
Met Leu Pro Arg Val Gly Cys Pro Ala Leu Pro Leu Pro Pro Pro Pro 
15 10 15 

ctg ctg ccg ctg ctg ccg ctg ctg ctg ctg eta ctg ggc gcg agt ggc 213 
Leu Leu Pro Leu Leu Pro Leu Leu Leu Leu Leu Leu Gly Ala Ser Gly 

20 25 30 

ggc ggc ggc ggg gcg cgc gcg gag gtg ctg ttc cgc tgc ccg ccc tgc 261 
Gly Gly Gly Gly Ala Arg Ala Glu Val Leu Phe Arg Cys Pro Pro Cys 
35 40 45 



aca ccc gag cgc ctg gcc gcc tgc ggg ccc ccg ccg gtt gcg ccg ccc 
Thr Pro Glu Arg Leu Ala Ala Cys Gly Pro Pro Pro Val Ala Pro Pro 
50 55 60 



etc gtc egg gag ccg ggc tgc ggc tgc tgc teg gtg tgc gcc egg ctg 
Leu Val Arg Glu Pro Gly Cys Gly Cys Cys Ser Val Cys Ala Arg Leu 

85 90 95 



309 



gcc gcg gtg gcc gca gtg gcc gga ggc gcc cgc atg cca tgc gcg gag 357 
Ala Ala Val Ala Ala Val Ala Gly Gly Ala Arg Met Pro Cys Ala Glu 
65 70 75 80 



405 



gag ggc gag gcg tgc ggc gtc tac ace ccg cgc tgc ggc cag ggg ctg 453 
Glu Gly Glu Ala Cys Gly Val Tyr Thr Pro Arg Cys Gly Gin Gly Leu 

100 105 110 



cgc tgc tat ccc cac ccg ggc tec gag ctg ccc ctg cag gcg ctg gtc 



501 
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Arg Cys Tyr Pro His Pro Gly Ser Glu Leu Pro Leu Gin Ala Leu Val 
115 120 125 

a-tg ggc gag ggc act tgt gag aag cgc egg gac gcc gag tat ggc gcc 549 
Met Gly Glu Gly Thr Cys Glu Lys Arg Arg Asp Ala Glu Tyr Gly Ala 
130 135 140 

age ccg gag cag gtt gca gac aat ggc gat gac cac tea gaa gga ggc 5 97 

Ser Pro Glu Gin Val Ala Asp Asn Gly Asp Asp His Ser Glu Gly Gly 
145 150 155 160 

ctg gtg gag aac cac gtg gac age ace atg aac atg ttg ggc ggg gga 645 
Leu Val Glu Asn His Val Asp Ser Thr Met Asn Met Leu Gly Gly Gly 

165 170 175 

ggc agt get ggc egg aag ccc etc aag teg ggt atg aag gag ctg gee 693 
Gly Ser Ala Gly Arg Lys Pro Leu Lys Ser Gly Met Lys Glu Leu Ala 

180 185 190 

gtg tte egg gag aag gtc act gag cag cac egg cag atg ggc aag ggt 741 
Val Phe Arg Glu Lys Val Thr Glu Gin His Arg Gin Met Gly Lys Gly 
195 200 205 

ggc aag cat cac ctt ggc ctg gag gag ccc aag aag ctg cga cca ccc 789 
Gly Lys His His Leu Gly Leu Glu Glu Pro Lys Lys Leu Arg Pro Pro 
210 215 220 

cct gcc agg act ccc tgc caa cag gaa ctg gac cag gtc ctg gag egg 837 
Pro Ala Arg Thr Pro Cys Gin Gin Glu Leu Asp Gin Val Leu Glu Arg 
225 230 235 240 

ate tec ace atg cgc ctt ccg gat gag egg ggc cct ctg gag cac etc 885 
lie Ser Thr Met Arg Leu Pro Asp Glu Arg Gly Pro Leu Glu His Leu 

245 250 255 

tac tee ctg cac ate eee aac tgt gac aag cat ggc ctg tac aac etc 933 
Tyr Ser Leu His lie Pro Asn Cys Asp Lys His Gly Leu Tyr Asn Leu 

260 265 270 

aaa cag tgc aag atg tct ctg aac ggg cag cgt ggg gag tgc tgg tgt 981 
Lys Gin Cys Lys Met Ser Leu Asn Gly Gin Arg Gly Glu Cys Trp Cys 
275 280 285 

gtg aac ccc aac acc ggg aag ctg ate cag gga gcc ccc ace ate egg 1029 
Val Asn Pro Asn Thr Gly Lys Leu lie Gin Gly Ala Pro Thr lie Arg 
290 295 300 

ggg gac ccc gag tgt eat etc tte tac aat gag cag cag gag get tgc 1077 
Gly Asp Pro Glu Cys His Leu Phe Tyr Asn Glu Gin Gin Glu Ala Cys 
305 310 315 320 

ggg gtg cac ace cag egg atg cag tag accgeagcca gccggtgcct 1124 
Gly Val His Thr Gin Arg Met Gin 

325 

ggcgcccctg ccccccgccc ctctccaaac accggcagaa aacggagagt gcttgggtgg 1184 

tgggtgetgg aggattttec agttetgaea eaegtattta tatttggaaa gagaeeagea 1244 

ccgagctcgg cacctccccg gcctctctct tcccagctgc agatgecaca cctgetcett 1304 

cttgctttcc ccgggggagg aagggggttg tggtcgggga gctggggtac aggtttgggg 1364 
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agggggaaga gaaattttta tttttgaacc cctgtgtccc ttttgcataa gattaaagga 1424 



aggaaaagt 



<210> 4 

<211> 328 

<212> PRT 

<213> Homo sapiens 

<400> 4 



Met Leu Pro Arg Val Gly Cys Pro Ala Leu Pro Leu Pro Pro Pro Pro 
15 10 15 



Leu Leu Pro Leu Leu Pro Leu Leu Leu Leu Leu Leu Gly Ala Ser Gly 

20 25 30 



Gly Gly Gly Gly Ala Arg Ala Glu Val Leu Phe Arg Cys Pro Pro Cys 
35 40 45 



Thr Pro Glu Arg Leu Ala Ala Cys Gly Pro Pro Pro Val Ala Pro Pro 
50 55 60 



Ala Ala Val Ala Ala Val Ala Gly Gly Ala Arg Met Pro Cys Ala Glu 
65 70 75 80 



Leu Val Arg Glu Pro Gly Cys Gly Cys Cys Ser Val Cys Ala Arg Leu 

85 90 95 



Glu Gly Glu Ala Cys Gly Val Tyr Thr Pro Arg Cys Gly Gin Gly Leu 

100 105 110 



Arg Cys Tyr Pro His Pro Gly Ser Glu Leu Pro Leu Gin Ala Leu Val 
115 120 125 



Met Gly Glu Gly Thr Cys Glu Lys Arg Arg Asp Ala Glu Tyr Gly Ala 
130 135 140 



Ser Pro Glu Gin Val Ala Asp Asn Gly Asp Asp His Ser Glu Gly Gly 
145 150 155 160 



Leu Val Glu Asn His Val Asp Ser Thr Met Asn Met Leu Gly Gly Gly 

165 170 175 



Gly Ser Ala Gly Arg Lys Pro Leu Lys Ser Gly Met Lys Glu Leu Ala 

180 185 190 



1433 



Val Phe Arg Glu Lys Val Thr Glu Gin His Arg Gin Met Gly Lys Gly 
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195 200 205 



Gly Lys His His Leu Gly Leu Glu Glu Pro Lys Lys Leu Arg Pro Pro 
210 215 220 



Pro Ala Arg Thr Pro Cys Gin Gin Glu Leu Asp Gin Val Leu Glu Arg 
225 230 235 240 



lie Ser Thr Met Arg Leu Pro Asp Glu Arg Gly Pro Leu Glu His Leu 

245 250 255 



Tyr Ser Leu His lie Pro Asn Cys Asp Lys His Gly Leu Tyr Asn Leu 

260 265 270 



Lys Gin Cys Lys Met Ser Leu Asn Gly Gin Arg Gly Glu Cys Trp Cys 

275 280 285 



Val Asn Pro Asn Thr Gly Lys Leu lie Gin Gly Ala Pro Thr lie Arg 
290 295 300 



Gly Asp Pro Glu Cys His Leu Phe Tyr Asn Glu Gin Gin Glu Ala Cys 
305 310 315 320 



Gly Val His Thr Gin Arg Met Gin 

325 



<210> 5 

<211> 2497 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (108) . . (983) 

<223> 



<400> 5 

ggcacgaggg ccgcttcctg cctggattcc acagcttcgc gccgtgtact gtcgccccat 60 

ccctgcgcgc ccagcctgcc aagcagcgtg ccccggttgc aggcgtc atg cag egg 116 

Met Gin Arg 
1 

geg ega ccc acg etc tgg gcc get gcg ctg act ctg ctg gtg ctg etc 164 
Ala Arg Pro Thr Leu Trp Ala Ala Ala Leu Thr Leu Leu Val Leu Leu 
5 10 15 

cgc ggg ccg ccg gtg gcg egg get ggc gcg age teg ggg ggc ttg ggt 212 
Arg Gly Pro Pro Val Ala Arg Ala Gly Ala Ser Ser Gly Gly Leu Gly 
20 25 30 35 



ccc gtg gtg cgc tgc gag ccg tgc gac gcg cgt gca ctg gcc cag tgc 



260 
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Pro Val Val 



gcg cct ccg 
Ala Pro Pro 



ggc tgc tgc 
Gly Cys Cys 
70 

tac acc gag 
Tyr Thr Glu 
85 

gag gcg cga 
Glu Ala Arg 
100 

aac get agt 
Asn Ala Ser 



cca get cca 
Pro Ala Pro 



agt gtg gag 
Ser Val Glu 
150 

aag ttc cac 
Lys Phe His 
165 

get aaa gae 

Ala Lys Asp 
180 

gat acc eag 
Asp Thr Gin 



ccc tgc cgt 
Pro Cys Arg 



aat gtg ctg 
Asn Val Leu 
230 

gga ttt tat 

Gly Phe Tyr 
245 

ggc ttc tgc 
Gly Phe Cys 
260 

acc acc aag 
Thr Thr Lys 



Arg Cys Glu 
40 

ccc gee gtg 
Pro Ala Val 
55 

ctg acg tgc 
Leu Thr Cys 



cgc tgt ggc 
Arg Cys Gly 



ccg ctg cag 
Pro Leu Gin 
105 

gee gtc age 
Ala Val Ser 
120 

gga aat get 
Gly Asn Ala 

135 

age ccg tec 
Ser Pro Ser 



ccc etc cat 
Pro Leu His 



age cag cgc 
Ser Gin Arg 
185 

aac ttc tee 
Asn Phe Ser 

200 

aga gaa atg 
Arg Glu Met 
215 

agt ccc agg 
Ser Pro Arg 



aag aaa aag 

Lys Lys Lys 



tgg tgt gtg 
Trp Cys Val 
265 

ggg aag gag 
Gly Lys Glu 
280 



Pro Cys Asp 



tgc gcg gag 
Cys Ala Glu 
60 

gea ctg age 
Ala Leu Ser 
75 

tee ggc ctt 
Ser Gly Leu 
90 

gcg ctg ctg 
Ala Leu Leu 



cgc ctg cgc 

Arg Leu Arg 



agt gag teg 
Ser Glu Ser 
140 

gtc tec age 
Val Ser Ser 
155 

tea aag ata 
Ser Lys lie 
170 

tac aaa gtt 

Tyr Lys Val 



tec gag tec 
Ser Glu Ser 



gaa gac aca 
Glu Asp Thr 
220 

ggt gta cac 
Gly Val His 
235 

eag tgt cgc 
Gin Cys Arg 
250 

gat aag tat 
Asp Lys Tyr 



gac gtg cac 
Asp Val His 



8- 

Ala Arg Ala 
45 

ctg gtg cgc 
Leu Val Arg 



gag ggc eag 
Glu Gly Gin 



cgc tgc cag 
Arg Cys Gin 
95 

gac ggc cgc 
Asp Gly Arg 
110 

gee tac ctg 
Ala Tyr Leu 
12 5 

gag gaa gae 
Glu Glu Asp 



acg cac egg 
Thr His Arg 



ate ate ate 
lie lie lie 
175 

gae tac gag 

Asp Tyr Glu 
190 

aag egg gag 
Lys Arg Glu 
205 

ctg aat cac 
Leu Asn His 



att ccc aac 
lie Pro Asn 



cct tee aaa 
Pro Ser Lys 
255 

ggg eag cct 
Gly Gin Pro 
270 

tgc tac age 
Cys Tyr Ser 
285 



Leu Ala Gin 
50 

gag ccg ggc 
Glu Pro Gly 
65 

ccg tgc ggc 
Pro Cys Gly 
80 

ccg teg ccc 
Pro Ser Pro 



ggg etc tgc 
Gly Leu Cys 



ctg cca gcg 
Leu Pro Ala 

130 

cgc age gee 
Arg Ser Ala 
145 

gtg tet gat 
Val Ser Asp 
160 

aag aaa ggg 
Lys Lys Gly 



tct eag age 
Ser Gin Ser 



aca gaa tat 
Thr Glu Tyr 
210 

ctg aag ttc 
Leu Lys Phe 
225 

tgt gac aag 
Cys Asp Lys 
240 

ggc agg aag 
Gly Arg Lys 



etc cca ggc 
Leu Pro Gly 



atg cag age 
Met Gin Ser 
290 



Cys 



tgc 308 

Cys 



ate 356 
He 



gac 404 
Asp 



gtc 452 

Val 

115 

ccg 500 
Pro 



ggc 548 
Gly 

ccc 596 
Pro 



cat 644 
His 



aca 692 

Thr 

195 

ggt 74 0 

Gly 



etc 788 
Leu 



aag 83 6 
Lys 

egg 8 84 
Arg 



tac 932 

Tyr 

275 

aag 980 
Lys 
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tag acgcctgccg caaggttaat gtggagctca aatatgcctt attttgcaca 1033 
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2293 
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2353 
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<210> 6 

<211> 291 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Met Gin Arg Ala Arg Pro Thr Leu Trp Ala Ala Ala Leu Thr Leu Leu 
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Val Leu Leu Arg Gly Pro Pro Val Ala Arg Ala Gly Ala Ser Ser Gly 

20 25 30 



Gly Leu Gly Pro Val Val Arg Cys Glu Pro Cys Asp Ala Arg Ala Leu 
35 40 45 



Ala Gin Cys Ala Pro Pro Pro Ala Val Cys Ala Glu Leu Val Arg Glu 
50 55 60 



Pro Gly Cys Gly Cys Cys Leu Thr Cys Ala Leu Ser Glu Gly Gin Pro 
65 70 75 80 



Cys Gly lie Tyr Thr Glu Arg Cys Gly Ser Gly Leu Arg Cys Gin Pro 

85 90 95 



Ser Pro Asp Glu Ala Arg Pro Leu Gin Ala Leu Leu Asp Gly Arg Gly 

100 105 110 



Leu Cys Val Asn Ala Ser Ala Val Ser Arg Leu Arg Ala Tyr Leu Leu 
115 120 125 



Pro Ala Pro Pro Ala Pro Gly Asn Ala Ser Glu Ser Glu Glu Asp Arg 
130 135 140 



Ser Ala Gly Ser Val Glu Ser Pro Ser Val Ser Ser Thr His Arg Val 
145 150 155 160 



Ser Asp Pro Lys Phe His Pro Leu His Ser Lys He He He He Lys 

165 170 175 



Lys Gly His Ala Lys Asp Ser Gin Arg Tyr Lys Val Asp Tyr Glu Ser 

180 185 190 



Gin Ser Thr Asp Thr Gin Asn Phe Ser Ser Glu Ser Lys Arg Glu Thr 
195 200 205 



Glu Tyr Gly Pro Cys Arg Arg Glu Met Glu Asp Thr Leu Asn His Leu 
210 215 220 



Lys Phe Leu Asn Val Leu Ser Pro Arg Gly Val His He Pro Asn Cys 
225 230 235 240 



Asp Lys Lys Gly Phe Tyr Lys Lys Lys Gin Cys Arg Pro Ser Lys Gly 

245 250 255 
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Arg Lys Arg Gly Phe Cys Trp Cys Val Asp Lys Tyr Gly Gin Pro Leu 

260 265 270 



Pro Gly Tyr Thr Thr Lys Gly Lys Glu Asp Val His Cys Tyr Ser Met 
275 280 285 



Gin Ser Lys 
290 



<210> 7 

<211> 6128 

<212> DNA 

<213> Homo sapiens 



<220> 
<221> 
<222> 
<223> 



mRNA 

(597) . . (1110) 
Exon 1 



<220> 
<221> 
<222> 
<223> 



mRNA 
(2657) 
Exon 2 



. (2826) 



<220> 
<221> 
<222> 
<223> 



mRNA 
(4041) 
Exon 3 



. (4169) 



<220> 
<221> 
<222> 
<223> 



mRNA 
(5069) 
Exon 4 



. (5769) 



<220> 
<221> 
<222> 
<223> 



CDS 
(762) 



. (1110; 



<220> 
<221> 
<222> 
<223> 



CDS 
(2657) 



(2826) 



<220> 
<221> 
<222> 
<223> 



CDS 
(4041) 



(4169) 



<220> 
<221> 



CDS 
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<222> (5069) . . (5197) 
<223> 



<400> 7 

ggggagcttg gcagagccct aggatgaact gtgttttgtt ttgttttgtt ttgttgcagg 60 

ttggagcctt tttcctgcag aaagagaagc aattccgggc ttttccacag ataacctgct 12 0 

agggctcgca gagacctgga ttctaacccc atctcgcctt tcctcacctg gggcattgtt 180 

ttctgcattt gagaactgct gggtgggctg gtgttaccca ggatttttaa atttttgcag 24 0 

gagacgcttt gcaggagatc tctagggctt ttttctgtgt caattaaaga gcctggccag 3 00 

ctggacctgg gctgtctttt tgacaaaaac aaacgtcatc cccctcccag ctgagcactt 360 

gttagaactg gactttaact gagggcctga accccctaac aacgggacaa acagtatgaa 42 0 

atcaaaaccg tttaccctcc tcccaccagc ggtttgcgta gggccttggg tgcactagca 4 80 

aaacaaactt attttgaaca ctcagctcct agcgtgcggc gctgccaatc attaacctcc 540 

tggtgcaagt ggcgcggcct gtgcccttta taaggtgcgc gctgtgtcca gcgagcatcg 600 

gccaccgcca tcccatccag cgagcatctg ccgccgcgcc gccgccaccc tcccagagag 660 

cactggccac cgctccacca tcacttgccc agagtttggg ccaccgcccg ccgccaccag 72 0 

cccagagagc atcggcccct gtctgctgct cgcgcctgga g atg tea gag gtc ccc 776 

Met Ser Glu Val Pro 
1 5 

gtt get cgc gtc tgg ctg gta ctg etc ctg ctg act gtc cag gtc ggc 824 
Val Ala Arg Val Trp Leu Val Leu Leu Leu Leu Thr Val Gin Val Gly 

10 15 20 

gtg aca gcc ggc get ccg tgg cag tgc gcg ccc tgc tec gcc gag aag 872 
Val Thr Ala Gly Ala Pro Trp Gin Cys Ala Pro Cys Ser Ala Glu Lys 

25 30 35 

etc gcg etc tgc ccg ccg gtg tec gcc teg tgc teg gag gtc ace egg 920 
Leu Ala Leu Cys Pro Pro Val Ser Ala Ser Cys Ser Glu Val Thr Arg 
40 45 50 

tee gee ggc tgc ggc tgt tgc ccg atg tgc gcc ctg cct ctg ggc gee 968 
Ser Ala Gly Cys Gly Cys Cys Pro Met Cys Ala Leu Pro Leu Gly Ala 
55 60 65 

gcg tgc ggc gtg gcg act gca cgc tgc gcc egg gga etc agt tgc cgc 1016 
Ala Cys Gly Val Ala Thr Ala Arg Cys Ala Arg Gly Leu Ser Cys Arg 
70 75 80 85 

gcg ctg ccg ggg gag cag caa cct ctg cac gcc etc ace cgc ggc caa 1064 
Ala Leu Pro Gly Glu Gin Gin Pro Leu His Ala Leu Thr Arg Gly Gin 

90 95 100 

ggc gee tgc gtg cag gag tct gae gcc tec get ccc cat get gca g 1110 
Gly Ala Cys Val Gin Glu Ser Asp Ala Ser Ala Pro His Ala Ala 

105 110 115 

gtaeeaeagt ecegcecctg ctccageacc tcetgccgee cgcceccgcc eggcaectcc 1170 
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2550 
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2610 
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ggagggctca 


tggggtctgc 


aatgtttcct 


ttccag ag 
Glu 


gca ggg 
Ala Gly 


2664 



age cct gaa age cca gag age acg gag ata act gag gag gag etc ctg 2712 

Ser Pro Glu Ser Pro Glu Ser Thr Glu lie Thr Glu Glu Glu Leu Leu 

120 125 130 135 

gat aat tte eat ctg atg gee cct tct gaa gag gat cat tec ate ctt 2760 

Asp Asn Phe His Leu Met Ala Pro Ser Glu Glu Asp His Ser lie Leu 

140 145 150 

tgg gac gcc ate agt acc tat gat ggc teg aag get etc cat gtc ace 2808 
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Trp Asp Ala lie Ser Thr Tyr Asp Gly Ser Lys Ala Leu His Val Thr 

155 160 165 

aac ate aaa aaa tgg aag gtgaggccca gcaggtgggt ggtgggaact 2 856 

Asn lie Lys Lys Trp Lys 
170 



4* M 

cccccgccag 


aggacguagc 


tT-gagccggc 


T^gugdcadgL* 


ana r^r^^ r\nr*c^ 
d^d^t^ Lr^^ v^v.> 


^dkrf 1.. u i« <v w> 


^ ^ X u 


uggccccgau 


gccc uggaaa 


gaaaugc L. 


4" f~* f~* f~* S 3 A s 

I.. C vj dddd 


^ L. d^ I. ^ ^ ^ ^ 


d w w i» ^ L> ^g ^ 




E.aaac u u ugL. 


Caaac ug ugo. 


d^dC«d uggd^ 


L. L. L.(_>d^^d^d 


a r* c c* t" 


y y c*- uy ^ «-«-a,y 


3036 

W W 


aaaaugcagc 


uccggacga L. 


aggu> u a c I. L. c 


dug L.^ L.gd 




dddyyy L-y uy 


096 




^ a /*• a i~ 

gcco-ca ug c 


L.CCddddL'L'L. 


d^ L.di-'dd^^^ 


^ ^ aa ^ 


c ^ w CL w ^ w <w ^ a 


3156 
^ ^ ^ \j 


ucgcaugauc 


^ ^ ^ +~ 

L.gcc uccc u t. 


Uddddddg L. t> 


^ V, wd Cdddd L« 


d^dwd i..d aaa 


^y ii.>as^ L>y u> 


3216 


I" ■a ■a +• ^ ^ ^ ^ ^ 


gaagcai^a.gg 


+~ +■ ^ ^ f^y^ rtnf^ 

uut^c^Lrgugg^ 


at*^aar~ri~iaa^ 
du.L.dd^ L'dd^ 


aat"ai^rtt~i5a^ 
aaL»aa^ L«aak« 


y a i..y c> v»a w v 


3276 


^ a o s 

c ugcaacco-c 


C. ad L. a. L. 


L>d(^v^ ^ L.^d^d 


dL'UU>L>^aL>WL> 


^ \^ ^ acLa\_r zd 


a ^5 err* t~ r'aciaa 


3336 


c ucau^aaac 


a ^ ^ a a ^ ^ t* ^ 


^dt-l.dt.^i'L.d 


dUL-dU^ uoi.^ 


i» U z3 ^LC^ L« 


w ak^ iB«a\^ ip< ^y a 


3396 


gggcgacaga 


/~T O O SOS <^ ^ 

ga.a. UCdddg u 


cggdgcgdu c 


LMd u L.^a^d 


cLCLCL L^aaa u L>a 




3456 


cacgccuacc 


cagda.cLa.dgg 


gdggdi.. l^ddd 


^^dl» I. L> \^\^ L>^ 


ddVi^di.* L.t.L.-^^ 


a a ^ w ip> u cL L» ^ L« 


3516 


gagaauaacg 


a uaaa uggoig 


gdddg U. L-dd 


L. L>dddL- L.d 


L« aaa UpVj aa 


^ cror't" ^ a a t" f 
L» y \^ \^ w ^ aa l-^ w 


3576 


ctcacttgat 


ttagtttatg 


taaaagaacc 


ttgtagattg 


cagaggaaag 


ttattcaaaa 


3636 


tctagaaatg 


tcttctgcta 


aattcttaat 


taagagttat 


gcccactctt 


ctaaccagat 


3696 


ggcgggtgcc 


aaaagtattc 


agtaggtggc 


aggaagagtt 


gggaagagtt 


ttgtggtgtt 


3756 


ggtgaggctc 


ttgccagggg 


atgtctctgt 


gcaggtgttg 


agagagtgat 


tggtgaggga 


3816 


gagaatggtg 


ttcttgttct 


ttatctgaac 


aacttaagac 


agactaactg 


caggtgggaa 


3876 


aaagaggccc 


agagggagca 


catcacatga 


cacctagtcc 


caggtccccg 


tggccagatc 


3936 


gtagggccac 


tcctgcttct 


acaaaacctc 


ttccatcagt 


cattgtctag 


gctgataatt 


3996 


cactgtgtct 


tgttagatat 


gctaatgtca 


agttattctc 


ttag gag ccc tgc cga 


4052 



Glu Pro Cys Arg 

175 



ata gaa etc tac aga gtc gta gag agt tta gcc aag gca cag gag aca 4100 
lie Glu Leu Tyr Arg Val Val Glu Ser Leu Ala Lys Ala Gin Glu Thr 
180 185 190 

tea gga gaa gaa att tec aaa ttt tac ctg cca aac tgc aac aag aat 4148 
Ser Gly Glu Glu lie Ser Lys Phe Tyr Leu Pro Asn Cys Asn Lys Asn 
195 200 205 

gga ttt tat cac age aga eag gtaggtggcc ttgccagtgt gcgtcgtcag 4199 
Gly Phe Tyr His Ser Arg Gin 
210 215 

ggtgaaaggg actaetgecc tacattcctg ccaagccacg gtcattcatg tcaaagaagg 4259 
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tccactccaa 


agtagacacc 


agaagcggcc 


gtiau ugagcc 


agauccaccc 


f-^ ^ /—i 4— fxr^f^ o a 

c t. CI. gggo. a c 


J X 7 


ctggaacagc 


taggtgaaga 


aagcctattg 


aacaggccaa 


tiacgc caeca 


ccagaggcgg 


A '7 Q 


aaaacctgcg 


ctggaccagg 


-^^v .^kA ^B^tf 

ggccctgggg 


c uaagcccga 


gccccaucac 


ccagcaa.gcc 


A A Q 
4 4 J 27 


aatagctatg 


gaagactttc 


^^^H 

ctaggccccc 


caacgcuugg 


acc ucgggcc 


ccccaccua u 


^ ^ 2? 27 


acaagagagg 


aagggaacaa 


acttaactca 


gaaaagcaag 


uaucuauc eg 


gaca.gcccuu 


A Q 
rz 3 3 17 


M. M M X- 4_ 4— ^ X. 

aacact:t:t:t:t: 


tctccttgaa 


ccgcccaaua 


aaacacaaca 


ac a u li^ c. u ii.g t. 


ggcu uy ccag 


A 1 Q 
fx O J. 27 


ataataaatg 


agatcaaaca 


gaccaagatt 


ccauauLigag 


gaguy c ta 


y y L.C ucay^g 


A ^"T Q 
rfc O / 27 


aagtacaggC 


tctgtagatt 


ttatcgggag 


aaaccgagga 


ccaggccc eg 


#^ 4~ +- a /~'/*T/~T*^<~« 

cuuc.ac.yyyc 


A 7 Q 
TE / O 27 


aatgaacagt 


.^^v .^^w ^i^v 

ggggcacaca 


cgagacacgc 


cccc uccggg 


acgggc uccc 


^ rrsa ^ a t~ *^ a ^ 
C t.y ci^a.L.^a.y 


A 7 Q Q 

rx / 27 27 


gctatgaagc 


agacagctgt 


acacacactg 


tactgtttaa 


cacacatggg 


aagtcattat 


4859 


tgcacatgcc 


actcggtcac 


tgtctctatt 


ttatgatgag 


aaccaggagg 


gtgtgagatt 


4919 


tgcctgcatc 


atgggcagct 


ggtttcacag 


ccgggactct 


tggcttggct 


ctgcagtgct 


4979 


cggctgcact 


gaaaaaaggg 


ccagctatgg 


ctctactttc 


cctgtcagct 


tgtcatctgc 


5039 


tgctcttgac 


cttggtcttg 


tctttgcag tgt gag aca 

Cys Glu Thr 


tec atg gat gga gag 
Ser Met Asp Gly Glu 


5092 



220 

gcg gga etc tgc tgg tgc gtc tac cct tgg aat ggg aag agg ate cct 5140 
Ala Gly Leu Cys Trp Cys Val Tyr Pro Trp Asn Gly Lys Arg lie Pro 
225 230 235 240 

ggg tct cca gag ate agg gga gac ccc aac tgc cag atg tat ttt aat 5188 
Gly Ser Pro Glu lie Arg Gly Asp Pro Asn Cys Gin Met Tyr Phe Asn 

245 250 255 

gta caa aac tgaaaccaga tgaaataatg ttctgtcacg tgaaatattt 5237 
Val Gin Asn 

aagtatatag tatatttata ctctagaaca tgcacattta tatatatatg tatatgtata 52 97 

tatatatagt aactactttt tatactccat acataacttg atatagaaag ctgtttattt 5357 

attcactgta agtttatttt ttetacacag taaaaaettg tactatgtta ataacttgtc 5417 

ctatgtcaat ttgtatatca tgaaacactt ctcatcatat tgtatgtaag taattgcatt 5477 

tetgctettc caaagetect gcgtctgttt ttaaagagea tggaaaaata ctgcctagaa 5537 

aatgcaaaat gaaataagag agagtagttt ttcagctagt ttgaaggagg aeggttaact 5597 

tgtatattcc accattcaca tttgatgtac atgtgtaggg aaagttaaaa gtgttgatta 5657 

eataateaaa getaeetgtg gtgatgttgc eacetgttaa aatgtaeact ggatatgttg 5717 

ttaaacacgt gtctataatg gaaacattta caataaatat tctgcatgga aataetgtta 5777 

tctctgtgga tgtttattta gtgatattat ctttttgaaa tccctttgtc cttcaccctc 5837 
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accttcctta 


tgcattttgt 


gcttttgtga 


taccaagatg 


gtgttttggg 


tctgcagagc 


5897 


cccttgtcct 


aactacccta 


gatcttgccc 


cggctgcccc 


agggtttcca 


cttcccagtg 


5957 


gcattgggac 


cttcctcctc 


tgcctggcca 


ggctgggcat 


tcctgtgtcc 


cacctctcca 


6017 


ttagtcccca 


tcctccccag 


ggtcctcagc 


ctcttcctct 


tggtttggtt 


tgtcccttcc 


6077 


gttcaactta 


taaataggaa 


cagggtttct 


ttcctcttaa 


acacaagaca 


g 


6128 



<210> 8 

<211> 259 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Met Ser Glu Val Pro Val Ala Arg Val Trp Leu Val Leu Leu Leu Leu 
15 10 15 



Thr Val Gin Val Gly Val Thr Ala Gly Ala Pro Trp Gin Cys Ala Pro 

20 25 30 



Cys Ser Ala Glu Lys Leu Ala Leu Cys Pro Pro Val Ser Ala Ser Cys 
35 40 45 



Ser Glu Val Thr Arg Ser Ala Gly Cys Gly Cys Cys Pro Met Cys Ala 
50 55 60 



Leu Pro Leu Gly Ala Ala Cys Gly Val Ala Thr Ala Arg Cys Ala Arg 
65 70 75 80 



Gly Leu Ser Cys Arg Ala Leu Pro Gly Glu Gin Gin Pro Leu His Ala 

85 90 95 



Leu Thr Arg Gly Gin Gly Ala Cys Val Gin Glu Ser Asp Ala Ser Ala 

100 105 110 



Pro His Ala Ala Glu Ala Gly Ser Pro Glu Ser Pro Glu Ser Thr Glu 
115 120 125 



lie Thr Glu Glu Glu Leu Leu Asp Asn Phe His Leu Met Ala Pro Ser 

130 135 140 



Glu Glu Asp His Ser lie Leu Trp Asp Ala lie Ser Thr Tyr Asp Gly 
145 150 155 160 



Ser Lys Ala Leu His Val Thr Asn lie Lys Lys Trp Lys Glu Pro Cys 

165 170 175 
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Arg lie Glu Leu Tyr Arg Val Val Glu Ser Leu Ala Lys Ala Gin Glu 

180 185 190 



Thr Ser Gly Glu Glu lie Ser Lys Phe Tyr Leu Pro Asn Cys Asn Lys 
195 200 205 



Asn Gly Phe Tyr His Ser Arg Gin Cys Glu Thr Ser Met Asp Gly Glu 
210 215 220 



Ala Gly Leu Cys Trp Cys Val Tyr Pro Trp Asn Gly Lys Arg lie Pro 
225 230 235 240 



Gly Ser Pro Glu lie Arg Gly Asp Pro Asn Cys Gin Met Tyr Phe Asn 

245 250 255 



Val Gin Asn 



<210> 9 

<211> 31024 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> gene 

<222> (1) . . (31024) 

<223> 



<220> 

<221> mRNA 

<222> (1) . . (556) 

<223> Exon 1 



<220> 

<221> mRNA 

<222> (27148) . . (27377) 

<22 3> Exon 2 



<220> 

<221> mRNA 

<222> (28449) . . (28589) 

<223> Exon 3 



<220> 

<221> mRNA 

<222> (30531) . . (31024) 

<223> Exon 4 



<220> 

<221> CDS 
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<222> (115) 
<223> 



(556) 



<220> 

<221> CDS 

<222> (27148) . . (27377) 
<223> 



<220> 

<221> CDS 

<222> (28449) . . (28589) 
<223> 



<220> 

<221> CDS 

<222> (30531) . . (30692) 

<223> 



<400> 9 

ggcgagggag gaggaagaag cggaggaggc ggctcccgcg ctcgcagggc cgtgccacct 60 

gcccgcccgc ccgctcgctc gctcgcccgc cgcgccgcgc tgccgaccgc cage atg 117 

Met 
1 

ctg ccg aga gtg ggc tgc ccc gcg ctg ccg ctg ccg ccg ccg ccg ctg 165 
Leu Pro Arg Val Gly Cys Pro Ala Leu Pro Leu Pro Pro Pro Pro Leu 

5 10 15 

ctg ccg ctg ctg ctg ctg eta ctg ggc gcg agt ggc ggc ggc ggc ggg 213 
Leu Pro Leu Leu Leu Leu Leu Leu Gly Ala Ser Gly Gly Gly Gly Gly 
20 25 30 

gcg cgc gcg gag gtg ctg ttc cgc tgc ccg ccc tgc aca ccc gag cgc 261 
Ala Arg Ala Glu Val Leu Phe Arg Cys Pro Pro Cys Thr Pro Glu Arg 
35 40 45 

ctg gcc gcc tgc ggg ccc ccg ccg gtt gcg ccg ccc gcc gcg gtg gcc 309 
Leu Ala Ala Cys Gly Pro Pro Pro Val Ala Pro Pro Ala Ala Val Ala 
50 55 60 65 

gca gtg gcc gga ggc gcc cgc atg cca tgc gcg gag etc gtc egg gag 357 
Ala Val Ala Gly Gly Ala Arg Met Pro Cys Ala Glu Leu Val Arg Glu 

70 75 80 

ccg ggc tgc ggc tgc tgc teg gtg tgc gee egg ctg gag ggc gag gcg 4 05 

Pro Gly Cys Gly Cys Cys Ser Val Cys Ala Arg Leu Glu Gly Glu Ala 

85 90 95 

tgc ggc gtc tac ace ccg cgc tgc ggc cag ggg ctg cgc tgc tat ccc 453 
Cys Gly Val Tyr Thr Pro Arg Cys Gly Gin Gly Leu Arg Cys Tyr Pro 
100 105 110 

cac ccg ggc tec gag ctg ccc ctg cag gcg ctg gtc atg ggc gag ggc 501 
His Pro Gly Ser Glu Leu Pro Leu Gin Ala Leu Val Met Gly Glu Gly 
115 120 125 



act tgt gag aag cgc egg gae gcc gag tat ggc gcc age ccg gag cag 



549 
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Thr Cys Glu Lys Arg Arg Asp Ala Glu Tyr Gly Ala Ser Pro Glu Gin 
130 135 140 145 

gtt gca g gtaacgcggt ctggaacaag tagttgggag aaacttggag ggcagcggag 606 
Val Ala 



aagcccgacg 


99cggctgga 


ccu uacggac 


gg 1. 1. L. L. aggg 


gcggcdgdgt- 


^y dy d<M%» ^ ^y 


w W U 


gaccaaatica 




cugcT-agcgg 


gacgcggaag 


t- c_ dy y y 


yy dyy yy dd*-. 


72 6 


tggagttaga 


gcaagcggaa 


gagccc cggc 


9 ^ ^ 2 t" 4~ ^ 

gacucau L. L.g 


g i-.ggggd L.gd 


dugyyydydy 


7 86 


gaaaggcauc 


cc ugccgcca 


4~ a ^^t* ^ ^ s ^ ^ 

caguu L. uacc 


cgcgugy aac 


<T<Ta Si cm o 
y y d^ v^dy d(M« 




846 


gaggagggat 


ccgccgagaa 


99999ccggc 


gg u u Mg a. l. 


duyyydy udy 




906 

•X V w 


cttatttggg 


gcaccgc ucg 


aggac c c aag 


gguccuggcg 


y y d L. wy ^ L.y ^ 




966 


aggctgcggg 


gtgccagtga 


caccaggaac 


cu uggaagag 


gagagggdy c 


^ a rma nna 
u.dyy dy y dy y 


102 6 

^ V/ ^ u 


caccggcgtc 


ccaaggggcc 




cuggggci:gu 


<^a i^t" ^ rma a a 

gdy u uyy ddd 


r^a a anrra ^^t* i" 
y dddy y d%^ i»> ^ 


1086 


ggtacttcgt 


aggacgagtc 


gccuaggaga 


a. a. a d g o. a d ci 


r^#^a/^<^a^^af^ 




1146 


tagggaacga 


gcagggcucu 


ugc uacco-cg 




ciCLCi Cfc g. g. c*. ^ 




1206 


gtaggcgagg 


ggccccc cag 


cagcugaauc 


dd ug L.dd^ C U 


ddy ^ v>»y d 


y i^k^yy uy 


1266 


ttccctggac 


99999cagcc 


aggctgugcg 


gu uucgcauc 


uy y y ccccdy 


a ^na a a ncsf^ 
d L>^y ddciy y ^ 


1326 


aggagagatg 


cgtcgccacc 


^* ^1 ^* 

ccccaccccc 


^ o ^ ^ 
gCC^L-v^CdU^U 


■i~aaa'l~i~<^artfT 
i»>dddL.L.ydyy 


r:ra/-*r'r'1~t"1"r'r' 

U CL\_« ^ ^ l«> L» ^ ^ w 


13 86 


tgtaggatag 


aangaggacc 


cgaca u uc u u 


cgutcdgggg 




Li> V CI CL d CL CL^H 


1446 

W 


ttatccgagg 


gacacaacca 


ggc ucuaagg 


d^ y L. L.d(^ L. U L> 




i" a ^3 1* ^ a naa a 


1506 


agcctcctgc 


cccagcgguc 


gggaggaagc 


ugudduUdL-L. 




t" t" ciaacra nacf 


1566 

W W 


tggtgaaatg 


cgcccaccgc 


cugc tgccgc 


cgu ugaaaaa 


gcaagugagu 


u. L>ddy L> L«i Ui^>.> 


1 62 6 

J. O 4^ O 


tcaaacttaa 


aaagaaaaag 


tgaaaagaag 


aacgc ucgc L. 


L.cagc u uc 


uy dy y u l. ^ 


1 6ft6 
X o o o 


gtaagccccc 


caccccatgc 


accaacccgc 


^mm .AHA 

CtlCCCCuCuC 


ccggtcggcc 


a't-f-rrf-'t-'l-f't't- 

auugc I. uc uu 


T "7 A 
J. / rK O 


tccctgttct 


ccttgagaat 


ggaattaggg 


gtcagagcug 


aaaucc ui^ci. 


L.VJt-yU-L.L.CUCr 


X o o 


tagcacattt 


tgctctggag 


tacagagcaa 


gttagggctt 


cctctgagtg 


gagcctctca 


1866 


gtccctttct 


tctccctcgg 


ctcgcttcct 


tccctagcct 


gcctggaagt 


taacccttcc 


1926 


ctcctgcttc 


tcttagaaag 


taacaataaa 


aggaaaaagc 


ccccacgaaa 


tcctttcact 


1986 


gcggggtgcc 


tgtcccccag 


tcatgcgttc 


ctcctcatca 


cccctcgtgg 


tccaccgggg 


2046 


aggtgctgtg 


cagtttctga 


gctgaactct 


gacaaactaa 


acatcttcct 


cagcagggtg 


2106 


aactttttga 


aaggcctcta 


agttcatagg 


atggtttggc 


tgctgactgt 


tttaataaag 


2166 


tgtgtgatgc 


ctttccttct 


ttaacgtttt 


actttttttt 


ttttcctact 


cttcattcgt 


2226 


cttattctaa 


gcctgaaaac 


caattctact 


tcccaaatcc 


ctgaagccgg 


ttagggtctt 


2286 
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tagccaggaa 


cagatgcggc 


agacuuticcc 


ccat'bcactt 


cucccuggag 


ccrgaagggg 


^ 0 D 


gtggggggta 


gttgtcaggg 


gaggccaggg 


acaatggggc 


gagcucacgg 


gaagaacguc 


0 A n <c 
^ u 0 


actctggatt 


ttctgcctgg 


Am «Hte Ab .^^b .^i^w MM ^M Aav 

u catigggacc 


ccc uticcgcc 


agcu ugcccc 


age ugcguuc 


^ 4x 0 0 


tcctccccag 


tgcccagacg 


rfMI Am Am ,mm MBh MM 

ccccccgcat: 


cttcgcgcac 


cggcc uggga 


agaggggacg 


"5 0 


ttaagcaggg 


gtggaaggtg 


999ggtgggg 


ctggaagctg 


agtgggcgca 


c ccaaaagaa 


0 c p 
Z D 0 0 


gtgaccaatg 


tcaggggtgc 


ctgagaaaga 


gtcgggctgg 


gggaggggag 


cac uu cggga 


0 <C A 


aggagc c tga 


gcttgcaagg 


gtgcaggaga 


aaaaggggtc 


aaggttggag 


gcct ucgcg u 


0 "7 n c 


gggagagggt 


cttaggctgg 


ggcagagacc 


ggagtcacug 


gacggaga.gt 


gc ugggt-ccg 


0 7 

^ / 0 0 


agttgggtgg 


.M^v 

ggcctggccc 


* 

agacggagac 


c ucagcaccg 


aaccc cc ugc 


^ ^ S ^ ^ 




atctcccgtc 


ccgt cu uCuc 


A~ 4Pi<t *s 

ucccccccga 


agaa ugagca 


^4 ^« ^71 ^4 

CCCCCCCt.CC 


agcc ugcai. u. 


0 A P C 


^H^V 

ccticttcgag 


Am Am ^mm 

cagguugc u u 


u ugagaaccc 


caaacauacc 


4~ ^ ^ ^* 4* ^1 






acctcagcag 


ttccggcttt 


gctgtcagct 


n ^ ^ 4~ ^ 4- 

ccuccgcct c 


cguucccggg 


a c c c aggggc 


*i n n c 
^ u u 0 


.^^A ^m^^ ^"Ml 

tgtgttgctg 


ctggcttccc 


ggggatggca 


aggacgcagg 


ggtgggggtg 


^ ^ ^ "1" o 
^^CaCa L.C0.3 


J U D 0 


tgggtggaag 


gagtgggtgg 


tggcgagcct 


gcaucccacg 


gggacgacgg 


gccggggcuu 


J 0 


gttggttcaa 


agaaaccgag 


aagccaguc u 


tgggggaagg 


ggtgggtagg 


cc uagaagaa 


'SIP/? 


aaaccgaaag 


gagaccc uga 


gaucugcccg 


aa.gu ugggo-c 


ucuao.a.cig^g 


tgug Urtuy ug 


0 ^ ^ 0 


tttggtggtg 


gagtggatag 


aagcgcccag 


aaacgucagg 


gccgaggagg 


gaacagggcu 


T n c 
J J u 0 


gggccagtcc 


aggccccucc 


agaaccaagg 


ctgggc caga 


CC^^uCCCU u 


Ca^uaUC uCC 


J 0 0 0 


ccagcctcct. 


^BiA .Bim 

ccccuaccgc 


gcacaacgca 


ggg9^tt:^^g 


c tigaggggcg 


gggccgcccg 


"S A 0 *c 
^ 4 z 0 


agtggccgtt 


tggcccgctg 


^■■l rf*! 4i* '■"t 

cacguacaaa 


ggcgccacag 


aaauguguag 


4" ^^^^^ ^ ^ ^ s 

uC^CUC 0.0.0.^ 


A P ^ 
0 ft 0 0 


tcccagggcg 


ggcagacagg 


caggcaggca 


ggcgggcggg 


cgggcgggcg 


ggcgggcctg 


"3 A ^ 


gggaggctct 


gcaccugcag 


.^M .rfPMtf ^PW^ 

ttgccgggga 


agaataaagg 


ggggaagagg 


caagcacuga 


"3 n 
J 0 U 0 
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gtggtaatga cccacttctt tagacaagat atttgaggaa ggttcgagaa cagaaaaatt 4206 

ctacttaaca atgttaagga atctgagaaa agtggggcac aggagtctct aggttagaat 4266 

aggtggtaga gcctggaagg agagaagaac ccatctgttg tattcccgag ggtctgccca 4326 

cacaatggct cttggccaag tggactgttg agcttcctgt caggcagagg gaagagggag 4386 

gcttagatag ttctcactgt tggcctactt cagcactgag cttcaagact ttcaggcaaa 4446 

tcattccttc aggctcagag gctggaaatt agttctataa aaatgccatg gggccggtcg 4506 

cattggctca tgcctgtaat cccagcactt tgggaggccg aggcaggtgg atcacaaggt 4566 

caggagtttg gagaccagcc tggccagtat agtgaaacct cttctctgct acaaatacaa 4626 

aaattagctg ggcatggtgg agcatgcctg tagtcccagc tgcttgggag gctgaggcag 4686 

gagaattgct tgaacccggg aggtggagct tgcagtgagc tgggattgca tcactgctct 474 6 

ccagcccggg caacagagca aaaaaactcc gtctcaaaaa ataaataaaa taaaaatgcc 4 8 06 

acgggttggc caggcgcggt ggctcacgcc tgtaattcca gcacttaggg aggctgaggt 4 866 

gggcagatca cctaaggcca ggagttcaag accagcctgg ctaacatagt gaaaccccat 4926 

ctctactaaa aatgcaaaaa ttagttgggc atggtggcac ctgcctgtag tcccagctgc 4986 

tcgggactct gaggtaggag aatcgcttga acctgggaac tggaggttgc agtgagccga 5046 

gatggcgcca ctccactcca gcctgggcaa caagagtgaa actccgtctc aaaaataaaa 5106 

taaaataaaa ataaaaataa aaagccatgg gttacctgaa agtaggagca tatccattca 5166 

ctcattatct gacctttgag ggctgacttg gagagaactg ttctctggcc cagtcatcag 5226 

gtggcttcca gttggttctc agctgggctg ttcacaccca tagaaaatgg gaggtacgac 52 86 

tgttcaattt cttttttttt ttgagacgga gactcgctct cttgcccagg ctggagtgca 5346 

gtggtgcgat ctcggctcac tgcaagctcc gtctcctggg ttcacgccat tctcctgcct 5406 

cagcctcccg agtagttggg actacaggca cctgccacca cgcccggcta actttttgta 5466 

ttttttagta gagacggggt ttcacagtgt tagccaggat ggtctcgatc tcctgacctc 5526 

atgatccgcc cacctcggcc tcccaaagtg ctggggatta caggcatgag ccacggtgcc 5586 

cgaccaggct aatttttttt tttttttttt tttttgagac ggagtcttgc tccgtcgccc 5646 

aggctggagt gcagtcgccc agcctggagt gcagtggcgt gatcttggct cactgcaagc 5706 

tctgcttcct gggttcacgc cattgtcctg cctcagcctc ccgagtagtt gggaattcac 5766 

gcatgcacca ccatacacgg ttaatatttt tgtattttta gtagaggcag ggttttacca 5826 

tgttggccag gttggtctca aactcgtgaa cctcaagtga tctgcccgcc ttggcctccc 5886 

aaagtgctgg gattacaggc atgagctacc gcacctggcc acaactgttc gatattgata 5946 

tgaggaagtt ctgaaaattc tgcaccaaag ggaatggaga acaggtaaat acctatgatg 6006 
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tgggc L. ugg t. 


UUU^^UUdUU 




19 066 
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g cccagagag 
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tgugcuggut. 
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agagcagag u 


tauggggaug 
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yyy cLddyy u u 
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ugggd u ugud 
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gaacgugggu 


c u udggdCdg 


gudt.gugt.utr 


UUUUUdUUUU 


duuu^duyy u 
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cacugcc ucc 
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tgctgatacg 


ggccccagac 


gaggcaaagg 


ccagaagaau 


gagaaaaaga 


^ a a ^ ^ a a 
gu udd ug Udd 
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cagggtactc 


ttgggcaagt 


gccagacgcc 


cu uugauagu 


gca uuaguc u 
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tgctgataaa 


gacataccca 


agactgggta 


atttacaaaa 


gaaagaggtt 


taatagactc 
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acagttccat 


gtggctgggg 


aggcctcaca 


atcatggtgg 


gaggtgaagg 


cacgtctcac 
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atggtggcag 


acaagagagc 


ttgtgcaggg 
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ttataaaacc 


atcagatctc 
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gcagagaugu 
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Uaa.uuaa^ uu 


uuuuyyy day 


ay uuuyauyu 


taaataataa 


13746 
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y uaayay aau 
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ooog.ooo^uo 


yuy uuuuuuu 
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U U U u^^uaau 
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u u u uauuua^ 
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u u u u L- 1^ L^aaa 
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a tttttattt 
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uuy ay auay a 


y uuuuuu uy u 
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u ^yyay i^^wa 
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gL-ggcguyot. 
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yuuuuuuyyy 
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t ct cctacct 
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^ 0.g ^ L. L« L> L. ^ 


aguagcuggg 


au uauayy uy 




ccrcc taac t a 


attttttata 
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gagaugggg u 


uuuauuauy u 
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tac tcracc tc 
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g ugcii-cugcc 
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uuuuaaay uy 


uuyyyauuau 
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uauuuguuuu 


u u uy ay auaa 


yuuuuyyuuu 


uy uuauu i>_ay 
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14466 

w w 
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uauu uuuuyy 
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ua.uggco.gug 


uu u uuuouua 


a uy v.. a a l» oa 


y ^y aw v.. l« w y 


era oact taaa 


aaccatat ta 
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UUCO-UUCUUC 


uuuuuuuuua 
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aaayy u u uu u 
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UU u^uaau uu 
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t tet taaata 
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uggauuuuuu 
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u uaayy u uy u 


^^^wivWio-wi^y 
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uuuuuuuyyu 
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cggcagcacc 
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u u u u u ay u u u 
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agtggtggtg 


aagtccgcca 


tgtcactatc 


gtttggtcct 


cttccagtag 


ggcttcaggg 
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ttactgatag 


ctctgcttga 


tgaggaagat 


gaggggtggt 
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ttgtttttgt 


ttttattttt 
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a f* a a a 4" a 

agcaagca ua 


t~ /t4~ rT4~ 4~ #t4~ 

cgegeeeguu 


+-r3/-iaaa/~'f^/~'a 
edUddd^uod 


4- f—ia nt" <~ro^a 1~ <t 
t-y dy uy y d ey 


16566 

J. u >J vj 0 


agcccacaag 


gctgcgtc uc 


4 — /— ^ /— i ^ a a /—I +— 4— 

cgcaaagc 


a 4~ a <^ /^/T a /t a 

dudeeegdgd 




4- /-T a a a a rTa a 
uy ddddy ddy 


1662 6 

X 0 w ^ 0 


aggcauugu u 


c t cgccccac 


caggaagc uc 


^ ^ a ^i*f a a a 
L. L.Cdgga.ddC 


a ft A t~* a f*T a a ^ a 

dy dedy dded 


CTA fTra <~TS a 4" 0 ^5 
y a.y dy dd u Ud 


1 6686 
X 0 0 0 u 


caaaggcaug 


9999c ctggc 


aacgccagag 


^ 4" *T a /T a /*r /-T a 

cucgagagga 


/T a /T/T 4~ a 4~ a +" 

gdyy ud ee d u 


4-/^aa^a't~a/~'J5 
ueddedudUd 


1 6746 
X 0 / re 0 


gat tec t tag 


tccttgcctc 


tgactttctg 


gggctggggt 


ccagggc ecu 


4~a4~^^'^"4"a ftf^ 

e d e e e e e dg e 


1 6 n n ^ 
X 0 0 u 0 


aagctcatca 


_ 4_ ^ ^ X. 4— —a 4— 

gatgatttct 


gatgaagagc 


tatgtttggg 


aaceecegac 


egggec eaae 


1 6 fi66 

xo 00 0 


tccctgaatt 


tacagatgag 


tacactgaca 


cctgcgcaag 


ttgaacaccc 


tgcttagcgt 


16926 


cactcagaat 


cccaggggtg 


9tggtgaagt 


caggatcgaa 


cctcagtcct 


tcctcccaca 


16986 


ctgggactgc 


ttggccaagg 


cttcgaaccc 


aaaagctggt 


gctccaaagg 


aaatccaaaa 


17046 


agagtttgca 


gagtggtttg 


acgtggaggg 


gattcatcgg 


ccaggtgggg 


gctctctgcc 


17106 


ctcccttggt 


ggtgcatcat 


ctcctgtagg 


tgttttgtca 


ccgtggaagg 


gcagtagcct 


17166 



wo 02/090580 PCT/AU02/00558 

-28- 



gtgcctgttg 


ggccugccac 


ccaacagagg 


ucacugagc u 


4-. ^ ^ f^r^t^ a 4~ 

cuuccgccLC u 


cagcuggg ug 


X / ^ ^ 0 


Aw 

acuggccugt: 


gguagccgca 


99tggaggga 


gacgaucccc 


a a /^a ^^a a a 
o.ga.ciga.goa.a 


iTlT 1^ a <T t~ ^ 
UUL.^a^ L. L.L. L. 


1 79 ft 


tgcagccgcg 


tigacc c uaua 


acccagggga 


c c t g I. gg a. u 


4- a a a t* 4" 
L'^dcLo.L'O.L.L'L. 


^0.^0.0^^)^ L.y 


17246 


ccugcagcca 




caaaggaaac 


^ gggagagga 


tn /'I <'i a 0 0 sa 0 4" 

gggo.cc etc c u 


rri" +~ CTCtSi a a a 

U L. L>^^aCLClCLLr 


174 06 


catgctcaga 


agtgactggt 


ccgc cgccga 


aggacggaag 


gauauca.ggu 


/T 4~ 4" iT a 4~ IT IT 

guugcouggc 


X / ^ w 0 


cggcucccuC 


gcaggaagga 


agggctcagg 


gggtgagaag 


/-^ a a 4- a i*T a a 

gaauaggaag 


f^ft a IT ^ 4" ^ a a 
^^0.^ L L. L>O.L.a 


X / 3 ^ 0 


atgaatgaag 


ctgggtgtcc 


ccaggagaca 


gacggaccag 


4~ /~f ^^^f 4" a 4" 

u uggggugau 


iT4" ^ a ^ 4** a a ^ ^ 
gUCaU UcLdCU 


X / 3 0 0 


aagccggaac 


gtgtcctgag 


ugccagccca 


L.accgcgacci 


a a 4~ <^ 'H /T 

goCoLCug Lg 


r^a/*'ai^t"a^4~r^ 
L.dL>d^ L.dL L-L. 


X / 0 *± 0 


agaaccccag 


cgcgagaggc 


^ 4^ ^1 

CclC U^CCCCC 


^ t" ^ ^ ^ 
uwugdccuCL. 


^ ^a a a a a a a a 
L g 0 0. 0. a. et o. et ct 


a iT i~ <~* a nimfT a 
dg ucdggggd 


X / r U 0 


agacacataa 


acagugccac 


ccacccacaa 


ague ucaggo 


/-1 4— « 3 4— 4" a 

ccL.co.gg L. Co. 


ddL. U L L d^j L 


X r / 0 0 


aaagaag t aa 


caaacagaac 


ccccauu u ua 


ccul.ccl.cul. 


4~ 4~ a a +~ 4" ^ 
UCCUa.aCL.UC 


L.^^CLL>L.^ L.L. 


1 7 fl9 fi 
X / 0 ^ 0 


.^■B ^Itf 

ccccccacca 


gcatggcctg 


aacuac uaac 


cccagccugu 


cggugggccg 


+* r^r^ ^ a ^ ^ it a a 
U^CUdU c^dd 


X / 0 0 D 


cacagcggcc 


acacgc uaga 


c:ggagc L.ugg 


4— J— » 3 « ^ ^ <^ -3 4— 
u.go.L'V^ciL'L.ctL. 


/— i -3 i—f a 4" <^ 1^ a 
dy L- L. 0. L. L. L.. a. 


a a or a nir a /"> ^ n 
ddgd^^dc uy 


X / 7^ w 


gcc ucaaauc 


c uc uccaaca 


a.aa.gc ug u L. L. 


L.L.LgLo.L.gL>^ 


c uggcg ug u u 


L d y ^y L« ^ ^ L 


Ifi 006 

^ 0 V/ w U 


gtcucaacug 


agcacgcgcg 


gugacuauga. 


gcuo.CL.gccL 


gaccucc u UL^ 


\^\^\» l»uy UwW^ 


X 0 V 0 0 


ccccgcuaaa 


ccccgcaaac 


aaagcuaaag 


uaauuuaggc 


a a :a ^ ^ a ^ ^ /~» 

aaaUUCaUUC 


4" +~ iT/^ 4~ 'H a a e^e^ 
U UgC U Uddy y 


T ft 1 9 fi 

X 0 X 4^ D 


acc uccacca 


aacggcagag 


age u L. cgaua. 


uuua.gco.o.ug 


^at~aaaa^^t~ 
UoUaaaaU U U 


y L.d^dd L.L.dd 


X 0 X 0 0 


aaccaagccu 


uagaagaaau 


acgcao. uaga 


4~ a 4" a ^ 4" rtr^ ^ 
UCo.Uo.UUgu.0. 


IT a a 1^ i~ z** i~ 1^ a ^ 
^ dclC U L. Uwa. L 


ydL* LLidL. L. Li L 


X 0 ^ 0 


L. uccaugca u 


c uggccau L.C 


t.aC 0.0.0. uCag 


a.Co.UL.O.L>.CL'0. 


VJL.L. L LL.(h^L.L. L 


a a i~ tm 0 J3 n 
L.d^d Ly y Lvdy 


1 8"^ Ofi 

A. \J -J \J \J 


anauaacccc 


uacccaccca 


Cucaagaao-C 


ugouug L.L.CO. 


^ a ^ a 4" 4" ^ ^ 
L.cLL.ClUUL.L.L> L 


UL.L>L.L>L.L.ydd 


X 0 J 0 0 


acaaggtic uu 


gcEc eg ucgc 


ccaggc uggo. 


guguaguggu 


r^\~ a a t~ 1^ 4" ^ iTiT 
^LO.dLL.L'L.^^ 


L. L>L.dL. L>y V^dd 


X 0 7Z ^ U 


gaagtigaact 


ccgccugccg 


ggcucaagcg 


auucuugugc 


cucagccucu 


cddg udy c uy 


1 ft4 ft 6 
X Orx 0 0 


ggacctcagg 


cacgcgccac 


cacgcccagc 


uaauuuuugu 


a 4- 4- 4- ^ rrrrt' a 

auuuuuggua 


Of a /T a 1*^ a orof ^ ^ 

gagdCdgguu 


1 ft R4 ^ 


tttgctatgt 


tggccaggct 


ggccccgaac 


lcc uggcc lc 


aaaugacccg 


cccdccucdg 


T ft fi 0 fi 
X 0 0 U D 


cctcccaaag 


tgctgggatt 


acaggcatga 


gccaccacgc 


cuggccacca 


o» a 4" 4" 4~ ^ 4~ 4~ 

cacauu uuuu 


1 ft fi ^ ^ 

J. a 0 0 0 


tctaaagctt 


ggttttggcc 


acagtgagag 


uuuc ucgggc 


tgucaggggt: 


9 s 9 a a ^ a o* o« a 

aaaaaudCCd 


T ft 79 C 


tgtcttgttt 


aacagcagcc 


atcattttag 


cagaattttt 


tttttttttt 


tttttgagac 


18786 


tgagctttgc 


tcttgttgcc 


caggctggag 


cgcaatggcg 


cgatcttggc 


tcactgcaac 


18846 


ctccgcttcc 


cgggttcaag 


tgattctcct 


gcctcagcct 


cctgagtagc 


tgagattaca 


18906 


ggcatgcgcc 


accatgcctg 


gctaattttt 


atgtattttt 


agtagagacg 


gtgttactcc 


18966 


atgttggtca 


gactggtctc 


gaactcctga 


cctcaggtga 


tctgcccgcc 


tcggcctccc 


19026 



wo 02/090580 PCT/AU02/00558 

-29- 



*^ 


gauuacaggc 


gugagccacc 


gcgccccgcc 


^ ^ ^ 3 F^F^ ^ Si 

cce ucig^agd 


d e ey e udd L.d 


1 90^^ 

X ^ V o o 


tcatttttca 


gacttgagaa 


acuagagccc 


agagaggtta 


aaggt tc L.ga 


^ ^/^4~ ^a or4~ «^ 

ctcgtgageg 


1 Q1 4. 


«m 4^ 

aaccucaaag 


ggcaaagctg 


gc at t: c aggg 


t tc t tgac tg 


c tggge t cae 


^ /~» /~»4*/^a4~^/^r^ 

ugcuedeuw^.^ 


X ^ ^ U Q 


Am Aw Am Am 

agtccgttaa 


cgaaccgucc 


accgccangg 


atatt aatgg 


9 ^*4~ /^^r^ s <^ 

cig e eg L. w e a.g 


dgagt-dgggy 


X 7 ^ W o 


gaggaggatg 


gtggttagta 


t c cac cccgc 


^ ^< ^ ^ ^ 

tgcccaacat 


acg ucadggc 


4- a a <^4~ O"/^ 1~ i~ 
e ddy uy Li* c l. 


X .7 J ^ O 


ttgggagaaa 


ucaacaaaga 


cggagccacg 


L.gag L. L. u L. c L. 


g Wk^u-dg^ i.a.y 


yy L.yydd(v^cL 


X ^ J O w 


ggaagccgcg 


gccagccccc 


^ 4~ 4" ^ ^ t^r^ 

au ucccc L-^^ 




dy a.cL L. ucicL^ I- 


o t" t" oa a a trfrr^ 
^ L» Addiyy ^ 


19446 

X ^ ^ o 


tcggaatigcu 


au uacci-gcu 


gcaagaggcg 


age uca u. uyy 


dy y ctd L.y d L.d 


dg u uedggg e 


X 7 ^ w o 


cggcuuagac 


caccuccgug 


gc ac u c c t. c 




L.g ^ L. Ldy d 


L> u L>ddy divCi 


X ^ ^ o u 


atcatgagau 


aggaggagaa 


ggc cggaaaa 


tggt aagccu 


U u O li. U w> dg dd 


t*aaanaaaa 
edddy ddddy 


X 7 u ^ O 


aagaaagaag 


agagacacat. 


gagccgucag 


gaagaug cgd. 


4- ^ <~r t" 4" <^ ^ a rrrr 
U- L> U ^ L. dy y 


^dy yy ddddy 


1 96R6 
^ ^ \j \j \j 


gucccauccc 


c ucaccaggu 


ccggauaagg 


accggggcca 


^ s a ^ ^ /~rs 
C d V- dC L. t.g d 


y gdyy ddyy d 


1 9746 


ccagggaggt: 


gc uci- uagau 


cc uugggy cu 


U- ctg L. U ^ ^ L. CL 


dM dddM o L. 




19806 
^ ^ \j \j \j 


ucccagacca 


ggaac caeca 


acc uccaaac 


agagcac uga 


gg e^dgdd\^d 


it4~ 1^1^ 4~ a cyci 
e ey ey ^ ^^^s 


1 9A66 

X ^ O V w 


agaaaaugag 


autctgtggg 


ag L-Ccguuuc 


catcaaacac 


aagagu u ugd 


^'^t'rT4~4~rta 0'4" 
e e ey e ey dy e 


1 9996 


aagaucaccg 


augcaacaaa 


cagga u uaca 


i~ 4~ ^ ^ ^ ^ 

uLrgga.a.a.a.ciL. 


gage ug eg v^o 


a a a a t~ t~ a t" 
dddd L> ^dy y l- 


1 9986 
X ^ ^ o o 


ccgaaaaccu. 


ggguacgaac 


gcauagaagu 


g a cl C a. a. u o. o. a. 


yywe(_«L.ee^e 


\^ e eyy y V- uy u 


90046 


cagcucccag 




uggc uaaauc 


ag u cicty g g L. g 


y y L-F^^ddddy d 


\^ddL»y ^^"•yyy 


20106 

^ V X V/ o 


accccacgau 


aaucgugaag 


aauggcagag 


aggt. L.gc u eg 


(_ev^wL.y uydd 


i~ i~ a a a i~ no t~ 

L. i^v^cidd ^yy ^ 


9 0166 
^ w X o u 


agtccatctg 


ggcccaggcc 


cgccauccgi. 


aaaaugggac 


ddcgdec^de 


"l-4-r«4-t-i-t-r'a'|- 
eL^^i«i«v«i»^dL> 


9 0996 


cccacctgcc 


A^ A^ 

u tccccacc u 


ccagc ucccc 


tctaggggtc 


^ 4" 9 t^f^^ 9 /~T9 a 

eeaggeagdd 


aggey uggod 


9 0 9 8 6 
^ V^f ^ o o 


.^ha .^ta 

gt:ct:acccaa 


ggcaggggtg 


ggagc uc ucc 


cctgccct tc 


aagcccccgd 


edduyyt^ Uit^ 


9 O '^4 6 


tggggttgtc 


cgucaccucc 


ccgaccucuc 


t t tggaaaag 


/^4~ ^rra ^ 

e'eeydtrf^ee^i^ 


i^d eduy L^y dd 


90406 


atcccttgct 


tctgtgttga 


cccactcccc 


taggtgc tat 


gtagggaaga 


agagceaatg 


^ U 4 o o 


cttactaatc 


tacagggaaa 


gtctcttcag 


gggccttgga 


ggtt t ct ate 


aaccatt tc t 


o n c 9 c 


aagcccatga 


gccttttcca 


t t gat g teat 


ttggggttgc 


taagaaccat 


t t cttatagt 


9 C Q C 
^ U X> o O 


gacctttgca 


ccatagccca 


tggagttgca 


tacataagtg 


gttgcttaat 


aaatattatt 


20646 


ctgaacttaa 


ctctcttagg 


cagaaaaaaa 


atacaacttg 


gtatttttgt 


tctgagggca 


20706 


aattccatct 


ctagctggag 


ttcgacatct 


ggaatgtttt 


cctgtggatt 


gttcttgcag 


20766 


cctataagag 


gatatatggg 


aagaacttgg 


taacatgtga 


taatgccctt 


gtctgactga 


20826 


ggggaggagg 


ggcgctatgt 


gggtacttcc 


tggtaggcag 


gaaatggaag 


tggctaagag 


20886 



wo 02/090580 



PCT/AU02/00558 



ctaaccccat 
ttggatcctc 
tggaagcaca 
gaattccaac 
aaggaatgca 
catttccctt 
gagtccagaa 
tctttaaaag 
ttcgttggca 
ggcctctgtg 
caggaaatca 
cctggagcca 
ctataaaaac 
ctcactctgt 
cccctgggct 
atcaccatgc 
gtgtcgccac 
gagatcaggt 
cgagtgagtt 
acttcttcct 
cgattgtgag 
tcctttataa 
cagtcaggcg 
cctgtggcaa 
aatacaaata 
gaggcaggag 
ctgtactcca 
caaaaaacca 
gactttttaa 
taggcactgt 
gaatgcacat 



gtgtgcctac 
ccagttgccc 
gagagcttaa 
tcaggcagtt 
ggcttttctc 
ccctgggctt 
gcctcttcct 
accttgcatc 
ctgctgagat 
agggtggaca 
actttgtcct 
gggttgcata 
atatattttt 
cacccaggct 
caagtaattt 
ctggctattt 
ccaaatgtca 
ggaggtaact 
ctcctgagat 
gccaccttgt 
tttcctgagg 
attacccagt 
tggtggctca 
ggagttcaag 
ttaaccaggc 
aattgctcaa 
gcctgggtga 
tattttataa 
cctaaaagtt 
gcctccagag 
ttatctgtgt 



tgtgtgccag 
ataggaggtg 
gaaagttgtc 
agattttggg 
agcctacaat 
ctacttcaag 
gagaaagaaa 
agcaaaccag 
caataaagaa 
aacttgacct 
cctggaggaa 
tgacatctgt 
aaaatttaaa 
ggagtgcagt 
cccacctcag 
ttttattttt 
tcttgaattg 
gaatcatggg 
ctgatggttt 
gaagaaggtg 
cctccccgcc 
ctcaggcagt 
tgcctataat 
accagcctgg 
gtggtgacac 
acccaggagg 
cagagcgata 
cttgtttaat 
attttttttt 
cccaatggac 
gtgcccctct 



-30- 

gccctctctg 
catactgttt 
tggtgctgca 
gtttgaatct 
gctttctgat 
atgtggagtt 
cagatgctga 
gcctgtggat 
atggaatgaa 
tcacctcaga 
cactgccaag 
gggccctgga 
aattattatt 
ggcatgatca 
cctcccaggt 
agcagagaca 
taatccccat 
ggtgggtccc 
tataaggagc 
ccttgcttcc 
atgctgaact 
tttttatagc 
cccagcactt 
ccaacatggt 
atgcctgtag 
cggaggttgc 
ctctgtctca 
aaatgcaaat 
tctgatgtta 
aagttggccc 
cctttttcaa 



tagatgcagg 
gtccttttac 
cagctcagta 
ctttggctgg 
ctctgcctgg 
cagatctggc 
tgcatggtct 
ttcttcatct 
acataccctt 
gagtttggga 
ttgaccccag 
cactgcctct 
tttcgttttt 
tggctcactg 
agctgggacc 
aggtgatata 
aatccccagg 
ccatgttgtt 
tcttccccgc 
cggacctttg 
gtgagtcaat 
agtgtgaaaa 
tgggagaccg 
gaaatcctgt 
ttccagctac 
agtgagccaa 
aaaaaacaaa 
gtattaatat 
atagaaataa 
tgcctggcgc 
atgtgtttcc 



cagcatctct 
agatgaacaa 
gtaaaagctt 
gaacagtaac 
tcaactcttt 
tacgggattt 
tgttaaacca 
tattggcatg 
gaatccaggt 
catctcaggg 
cctcctggga 
gtgggccctt 
gagacagggg 
cagcctctaa 
acaggtgtgc 
gttaggcttt 
tgttgatgga 
ctcgtgatag 
ttcacctggc 
gcttctacca 
taaagctctt 
tggactaata 
aggtgggcct 
ctgtactaaa 
tcgagaagct 
gatcgtgcca 
aaaaaaaaat 
tatatagtaa 
aaatatgtcc 
cttcaggccc 
agagattgca 



20946 
21006 
21066 
21126 
21186 
21246 
21306 
21366 
21426 
21486 
21546 
21606 
21666 
21726 
21786 
21846 
21906 
21966 
22026 
22086 
22146 
22206 
22266 
22326 
22386 
22446 
22506 
22566 
22626 
22686 
22746 



wo 02/090580 PCT/AU02/00558 

-31 - 



gagggccttc 


ttctgaggat 


caacgcugga 


ccgacccccg 


ggacgcagcc 


aagggacggu 


^ ^ o o 


tctttggcca 


ctgtctgtgg 


tacaagaggg 


cttcgcgaag 


4" ^1 

3-tgg9g3-gcc 


gcaggc cgaa 


^ ^ O O D 


agtcctctag 


gaagcccagg 


gaagacccug 


^"M Am 

cgccccgccc 


ccaagaaacc 


g L>ggac ua u u 


^ ^ 17 ^ O 


gtggctgcag 


atggaagggt 


agcggagggg 


cctcagccgt 


ggacgcggaa 


cauaguggag 


^ 4^ 7 O D 


ctagatttgc 


tttatatggg 


gcctggagcc 


accccagcaa 


^ ^^^^^^ ^ ^ ^ ^ o 


gc. u L.a.L.cigg l> 


^ J U 'x V 


cttgggctaa 


aagcctgact 


ccagaagagc 


gac uCucacc 


ccgggcaguu 




^ J J. U O 


ggggccattt 


ggcaacgaat 


gaagacacat 


f- 4- ^ ju ^ i^4- 4- 

cctccgt-ugc 


^ ^ ^ 4~ f^f*^ 


ggagggugc t 


^ J J. O u 


actggtttct 


ggtgggtaga 


ggccaggaat: 


gccgcccaac 


a uc uggagua 


/— • — ^ 4~ /TOTS 4~ /— f +- 


^ ^ ^ ^ o 


tccaggcatt 


gagttcgggt 


gagcggctcc 


Cucccagaag 


cccacggaca 


gagguacaca 


o o o Q 
^ o ^ o o 


tgagctgcct 


.^HH .^IM ^H^V 

ttcccgcctc 


caaccagaca 


acgugc cguc 


a ^ O ^ ^ ^ ^ s s 

acagccat^aa 


4— "3 a /— r ^~ 


J J 'X u 


ctgccttcac 


ccaagccac u 


ccccaagagg 


gcagagccag 


g t. gag c c I. c u 


IT a rro o ^ 3 


o -a 4. 0 

^ J *± V/ o 


gacttcatgt 


ccacagattg 


gagagctcca 


gaaacggcgg 


cagggcgcag 


a *^ ^ a t~Tf^ s /T a 
u a, ^ dg o d 


^ J ^ o o 


ctcccagagc 


tcctgtctcc 


ccuaacaccc 


tgtgagcaga 


acgcggx:gcc 


gdgg uo^^ UL.w^d 


9 9 

^ J o ^ o 


gaaacccttc 


ctgcctctgt 


gggcacaaag 


ctgggtaggg 


tgcggcaagc 


agggcgdtgc 


^ o ^ o o 


caagggtgat 


ctcaggtacc 


aagggttcgg 


gtgagggcga 


accggagguu 


^ ^ 4~ "I" ^ ^ 


9 ^ J. 


tttgtctttc 


^ ^ ^ 4~ 4-> 

ucau uccgau 


cccgagcagc 


tgggagggag 


ucaaagggc u 


L'L.L.L'UL-C'dL.^ 


9 7 n 


ttccaatgca 


ggtggtggga 


gtggggagac 




^ +~ ^ /-vr^ ^ +" ^ 
C U U ugC L.C L.C 






tttggtgtcc 


gcagagggca 


ggggcaggga 


gc ucgagacg 


^— * 4— ^« ^t^l a ^( « 

gccccac uca 


gguctgggga 


9 R9 


cagagaggcc 


tgtctgggaa 


gggcagcggg 


gcggaggcag 


ggaggccggg 


gctt-ydg cy 


9 ft flfi 

4b J O O w 


tgcgctgcac 


.^^a «K Aa* .^b* 

ggcatctgtg 


tgctgcgc ca 


gaggccagcg 


t tgagacgga 


ddgu. ugdur cy 




aacctgatct 


cttctgtttg 


ctgtccaggc 


4* 4* 4* 

u ugtic ugacc 


ccagac u u uc 


/"» /^*Ti~f ^ i~ +~ 

cccyyv^^u^u 


9 A O n 
^ 'x \J U O 


ctctttcacc 


cttttgtttc 


tgacctctgg 


ggcccaucug 




ggggg^ u c 1. 1 


^ VJ o o 


ctaggagggt 


gtggacctgg 


tggcgc tgaa 


gaaacccgcc 


gcacgguggg 


g i^y d\.« ut^dy 


9 A 1 9 


gtccctgttc 


ttgggaacct 


ggcaggcagc 


tgagcagggg 


cacccaccca 


^ 4— 4— 4**" 

gccugccuCL. 


^ 4 X O O 


ctgggtccct 


gggtgtctgc 


tgctctccat 


gtggaggagc 


acagagggca 


gggcaggaug 


r> j1 o >l ^ 


gatgaggaaa 


gctgtgggct 


ggtgcctggg 


tctgattaga 


catggtggag 


caggacucca 


243Uo 


acctagcctg 


gaggcgcacg 


ctaaatcggc 


cttttcctgc 


cggtggtgct 


gggctgccgg 


24366 


gctgctggaa 


caatttaatc 


tgtgctggct 


tcatttatgg 


tacaacccag 


gctccccaga 


24426 


gcccctgtgg 


gaataaccat 


tctaaataaa 


atatttttcc 


aggtttcagg 


tttatacatt 


24486 


taacatttaa 


attttttttt 


tcctggagtt 


caacaatttt 


ggataaaagt 


cttttaaaat 


24546 


gatgaatagg 


tagaatttta 


attccctccc 


ctttttgatg 


tcccaagatc 


atcgtcatca 


24606 
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acgtaattct 


tgttttgggc 


cgtuaagacati 


ggaaaticccc 


agggcccac u 


gaggggcact 


O A £ £ £ 
Zrl DO O 


cattgtttgc 


cacacacaaa 


atgtacccgg 


agcc ugtatg 




ucaguguccu 


/ ^ O 


ctttcctctc 


^^to .^^M Aw ^mm mm 

tgccatttga 


ccccccccgc 


caccgcccac 


augcau LrCcu 


\^ 4* 4~ ^ ^**r4^ 

ucu u ugcccc 


O A H 


ttcaattttg 


ttgactttct 


tctgcggtgg 


ccuuggaaac 


cagacaccca 


gaagccaggc 


Q A Q A C 


ttcctggagc 


agcactgttg 


tgaaccguct 


cgaggccccu 


cacgagacga 


Am a. a* A» 

CuCCCCCCCC 


O A Q n 
Z ft J7 U O 


atcttgagtig 


gaaagtgcca 


acaCucgaac 


acgcccagcc 


gcggtiaacag 


ccacuaggau 


O A Q ^ ^ 


gttcagagct 


tattttccct 


ggtccccccg 


tccccggccg 


gguuccacgc 


4^ ^^^^ 4* ^ 9 ^ 

cgcugaagua 


Z 3 U Z O 


gtiagauaacc 


ggggcactcg 


tcatiugtcac 


caucaucagc 


g^aauaacco. 


gC^a.gCcLaCa. L. 


9 n ft <^ 
Z 3 u o o 


ggacacagaa 


4* 4* 

c u tc cgtigct 


ccaggccguc 


c u u ua u ucau 








ttatttattt 


ttgaggcagt 


.^v^v 4* 

gccutgcccc 


gtcgcccagg 


cuggaguaca 


auggugcgan 


o C5 n^ 


ctcagctcac 


tigcaaccucc 


accccccggg 


uucaagcaac 


nguccugugc 


caccc u uc ug 


O O c 
Z 3 Z O O 


agtagctggg 


aucacaggcg 


ugcgccacca 


cacccggcua 


acuc ucuugu 


acuucuagca 


Z 3 ^ Z O 


gagatggggt 


L. L. caeca eg u 


cggccaggcti 


gguc L. uy aau 


+- /-t ^ ^ 

U C C C^aC CI^C 




o c o p <r 
Z 3 ^ O O 


cacgccticag 


ccccccaaag 


tgccgggacc 


auaggca cga 






O A A ^ 
Z 3 rs ft O 


ucauccccca 


accgccuuuc 


t u ccgccaca 


cucucaacag 


cuccacgaag 




•5 C c n *J 
Z 3 3 U O 


tattatccag 


caact: uacag 


ucaagaaagt: 


agaggc ac ag 


a.gagggt:ct:g 


cgcggggaga 


Z D O O O 


acacgtgcag 


ccgacacaga 


aaacggcaga 


gctiggaccc u 


aacccggcua 


cacccc c u ca 


O C ^ O C 
Z 3 O Z O 


accagagctg 


ccacccuggg 


gacggcgcgc 


uggc ucc uaa 


aggaag cngc 




Z 3 O O O 


gtgaagagtg 


acuagcuccc 


aggcttggag 


ggaggggaaa 


ggacagggac 




O T A 


caaacgtiticc 


gtatgctggg 


gcccacgcug 


ggcacgccuu 


gacagcaggu 


gct.gct.ggag 


O Q n £ 
Z 3 O U O 


tgccagcacc 


cggtgctgtc 


ccuggcacgg 


aagaggcgcc 


cccucccuua 


gt; tggugagc 


O Q ^ ^ 
Z 3 O O O 


gagtgaatac 


tLCttigtiatag 


agcuacccca 


agaaccacuc 


acccgcgccc 


taagggctgt 


O C Q O C 
Z 3 7Z D 


aagtuuccga 


M .^m^ Av .M^M '^^B 

aggtgcatta 


atggggaaga 


aaaaatzgngc 


aagaciiggcu 


gaaaaacacc 


O C Q O f 
Z3 70b 


cctctgcacc 


cacccagaCc 


ttgttgggac 


ctgcaggaga 


gcagctctgg 


gtgggagggt 


2 o U4 o 


ctggggctgt 


ttgccgtgtc 


tccaaggggt 


tggggctggg 


gctcggcggt 


gtgaggccct 


zolOo 


gcccttctgg 


agcttgctgg 


ggcttgtctc 


ctggttacag 


ctccgccgtg 


cgaCucagau 


2oloo 


cctctctgcc 


tcctttggct 


ggacgtgcct 


cagccagagt 


gagactgtgg 


caggctggag 


26226 


ctgttttcaa 


ggcctccttc 


acctaggctg 


tgcatacaaa 


aggttgaaga 


aagtataagg 


26286 


agacttaatg 


gacgcttgtt 


ggacagacat 


cacgaagctt 


catgccctgc 


agtaagctga 


26346 


agctatgaag 


tcgaaggagt 


catagttcct 


gttcttgggg 


ctctcagtat 


aatggggttg 


26406 


gggtgggctg 


cacagacaga 


cttgggaacg 


agggaatgtc 


agtgtggcag 


agctgtagct 


26466 
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gccccggagc 


agcac caugg 


ga.c^ L> uagg^ 


"■999 c c ^39 ^ 


yyy ^ayy Ud^ 


d^dy c>y Hway 


26526 


cagggggacg 


ctgggaccag 


gcuc ugggug 


t^r^^ f^t^^ 

gcgd.cgi:ggc 






26586 


^ ^ ^ ^* ^ 

cgccauauac 




ggt-gaugucu 


y uyy ^ct^y ciy 


L« L« V.«CldddClCL 


v.* L> w CI CI w U> CiCL L« 


2 6646 


cggcgccccc 


ccagaccaca 


aauga.a.gcia.c 




yyy uududy u 


rrrtiTa eta a t~ t" 1~ 
yyy dyddu u L. 


26706 




co.ga.aa.gg3.c 


U L. ^ ^ a. L. 


+- /— 1 r-1 -3 +- /Trri" a 

u^^ctL-yyc^d 


yyyv-w l. u- l.wcl 


* 


26766 


^< ^< +~ y— * 

uccc t.c cgcg 


i^/^ f~ t~ /n^ ^ ^ 

ugcc cc L.g u 




L> L.y L. dcLy ciy 


yy ^^^*k^^y 


CL ^ w V»p ^ CtVH 


26826 

U W W W 


age Ca.gaca.g 








t" r'ii era i~ i~ ^ ci^ 
o ^ciy CL ^ <v L«y 




26886 


aagtaactga 


cctctgtgag 


cctcaaattc 


tccatctctg 


aaagttgggg 


agggtgctag 


26946 


tagtacccac 


ctaagagtta 


gggtgaagct 


gaaattgatc 


atccatataa 


attgctcagc 


27006 


acgggccctg 


acaggccatc 


agcactcatt 


agccgcgcgt 


catctccacc 


ctcatcatca 


27066 


ttacggtcca 


ggtggctccc 


ggagggcacg 


tctctctggg 


aaactggacc 


tggagctttt 


27126 


cttcccttcc 


tctcttggca 


g ac aat \ 
Asp Asn < 


ggc gat gac 
Sly Asp Asp 
150 


cac tea gaa gga ggc 
His Ser Glu Gly Gly 
155 


27176 



ctg gtg gag aac cac gtg gac age acc atg aac atg ttg ggc ggg gga 2 7224 
Leu Val Glu Asn His Val Asp Ser Thr Met Asn Met Leu Gly Gly Gly 
160 165 170 

ggc agt get ggc egg aag ecc etc aag teg ggt atg aag gag ctg gcc 2 72 72 
Gly Ser Ala Gly Arg Lys Pro Leu Lys Ser Gly Met Lys Glu Leu Ala 
175 180 185 

gtg tte egg gag aag gtc act gag cag cac egg cag atg ggc aag ggt 27320 
Val Phe Arg Glu Lys Val Thr Glu Gin His Arg Gin Met Gly Lys Gly 
190 195 200 205 

ggc aag cat cac ctt ggc ctg gag gag ccc aag aag ctg cga cca ccc 27368 
Gly Lys His His Leu Gly Leu Glu Glu Pro Lys Lys Leu Arg Pro Pro 

210 215 220 

cct gee agg gtcagtgagg gtcaggtctg gtggaagggg tgggaggaea 27417 
Pro Ala Arg 

aggaaagtgg ggtctcaget ggaggaggge atcctaataa gaecctcatc tggtgtgacc 2 7477 

tgtaggcaaa gcacttttct ttccacaaac atagttgtgg aacatagtta gtgacctttg 27537 

gggcagtcag tatctctggc tgtgaaatag actggacatg tggtttcttg atgttctttc 27597 

ettctaaaac ettcacattt ctgtatggtt ttggaacata gaeacagaaa atgaatccca 27657 

gagatgaaga cagagtccct gaaacttgct tactcttttt tttttcctcc ccctgagatg 27717 

gggtetcact ctgttgccca ggctggagtg taatggtgcc atcacacctc actgctgcct 27777 

ceaactcctg ggctcaagtg atcctcctte ctcagcctcc tgaacagctg ggaetatagg 27837 

catgcaccac cacacctggc cagttttgta ttttttggtg gaaatgtggg tctcactatg 27897 
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ttgtccaggc 


tggtctcaaa 


.^bMi 

cuccuggact:. 


caagcaaucc 


4* ^ ^ a ^ ^ 

ucccacc^cg 


gcci^cccgAd 


9 7 Q ^ 7 


gcgctgggat 


tacaggcgcc 


agccaccgcg 


^ ^^^r ^ s 

CC U^^CC L-^o. 




i~ rri" ^ ryt^ si ^ a 


^ o \y ^ / 


tgcttctctc 


accgagcuac 


ccccccccuc 


^ ^ ^ ^* 4" 1^ 

u u ucc ugccc 


age ug 


t" ^ rt^^trf* 


2 8077 


tggccctggt 


tggttttacg 


gaaagaagcg 


gagcutgggc 


acggggcggg 


ggcduggagd 


2 ft 1 "^7 

£t Q ^ J 1 


ctcgagacgg 


ccacttagat: 


ggaca u u L.gg 


aggcagagcc 


1^ 3 ^ ^ <^ +* *^ o 3 




28197 
«i o J. ^ / 


acggtcacag 


aacaaggaga 


ggagtgaaca 


ttcccatcca 


tacaattttc 


tttaggggct 


28257 


ggggttgggc 


acccagcatg 


gcagggagat 


ccccgggcag 


gctgtcagaa 


gtccctgtgc 


28317 


cccctgctgg 


ctgtgtgacc 


atgggaaagt 


cccctccctg 


tgcagcagct 


tctcgctgag 


28377 


cttgcgtctg 


gcgcgtgctt 


cgtgggcctg 


ctgtcctcac 


tccgggcgtc 


ccctgctgtc 


28437 


tgtgcgtgca 


g act ccc 
Thr Pro 
225 


tgc caa cag 
Cys Gin Gin 


gaa ctg gac cag gtc ctg gag egg 
Glu Leu Asp Gin Val Leu Glu Arg 
230 235 


28487 



ate tec ace atg ege ctt eeg gat gag egg gge cct ctg gag cae etc 2 8535 
lie Ser Thr Met Arg Leu Pro Asp Glu Arg Gly Pro Leu Glu His Leu 
240 245 250 

tae tee ctg eae ate eee aac tgt gac aag cat ggc ctg tac aac etc 28583 
Tyr Ser Leu His lie Pro Asn Cys Asp Lys His Gly Leu Tyr Asn Leu 
255 260 265 



aaa cag gtgageatgg tgecagcetg. ggccagagca gctcctcctc agccctgggc 28639 

Lys Gin 

270 



cccagatgtg 


cettgtttet 


gccceaeeeg 


cetatgatce 


tetgaggtet 


gagctgagtg 


28699 


agagacteag 


actcctgtea 


ecatggggat 


tgggatgeca 


gctgccaggc 


eggggagggt 


28759 


geagetette 


tceetgeete 


cgaegggtca 


gttgetgget 


eeaettgcee 


agetgeceae 


28819 


cggcctcact 


tggagtccag 


gttgggagga 


ggctcttgga 


gaagggaagt 


ggcttaaacc 


28879 


aageatettt 


getttgatcg 


gaeattgaea 


teacetggag 


etcttectgg 


gceegeccec 


28939 


aaattgeeat 


gtggtaggtc 


aggtttaeag 


etetaaeaag 


eeteaggtga 


ggetcataat 


28999 


ctgtgagcca 


eactcccace 


ateattgatt 


tcaaccaetg 


gccgagttgt 


ettcatggtt 


29059 


tegaagtatc 


teagggaatg 


aagagtcagg 


catggagaaa 


tgeegttgga 


aagattctga 


29119 


aaagecatet 


agaacaccat 


tgtaaataca 


ttggagaaaa 


tgaagtttaa 


gtaaaeeaet 


29179 


caggagecet 


tetcceteet 


ctatccacet 


tetgttcata 


tgcattttaa 


cagtcactgt 


29239 


geatatgeaa 


tatttteeet 


gtaaeataet 


tttttttttt 


ttttttttga 


gacggagtet 


29299 


egctcttgtc 


teccaggctg 


gagtgcagtg 


gcgtgatctc 


ageteactge 


aaceteegec 


29359 


tgcegtgttc 


aagcaattct 


cctgcctcag 


ectcctgagt 


agetgggatt 


acaggtgcet 


29419 


gceaecatgc 


etggetaatt 


tttgtatttt 


tagtagagat 


ggggtttaee 


atgttggeea 


29479 
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ggctggtctt 


gaactcctaa 


ccucagacga 


^MB .^"B 

uccccccacc 


ucgaccuccc 


aaagrgccgg 


gattacaggc 


atgagccacc 


acacctggcc 


gggcattggg 


accccuauaa 


agccaccc eg 


gtggttctaa 


tggcagtctg 


ggccgaccca 


aagcgcggac 


g ugugaagcc 


aggagauggg 


aacagggctc 


tgctgatggc 


tcaggggccc 




^* ^< ^» ^ ^ ^ s 


C C a.gg vJ a. C CI. 


tgaccctcta 


aatat tagtt 


t aguaccaaa 


age uacc ugc 


gcaca ugccc 


uc uaaai^gua 


agctggctaa 


ccccacccgg 


age ucagaag 


aaaaagucuc 


rt ^ ^ s ^ ^ 

ga ucacu uc 


c o. t.ggg 0.0.0. c 


aggctgtctg 


ctgcacc ucc 


gggtiaaccaa 


agcgac ucgc 


aggagcagt u 


agct. ca ugca 


uaaaacagag 


acctcggagt: 


gggaacgccu 




ucagc L.g ugc 


"f" "H 3 2 «T 


.^taS' '^^v 

ccgugugacc 


ttgggcaagt 


^1 ^1 

cgcc uagccc 


accugugcuc 




s ^ ^ /^4~ o o s ^ 


cagggacaau 


aacggcaucu 


aac ucacaaa 


gi^ggx- tguga 


f^r^ a ^ ^ a sa 4~ 


L>clL.ClL.L.Lr^ 


cuagaaac ug 


aaccagcagu 


^ ^* 4~ ^ ^ ^ 

guguc u ugca 


s 1^ a a t~^\~ 

cacacag ugc 






ucgcaacacg 


aggccccaca 


ccugacgcua 


ugac uaagcc 


ccagta ugc L. 


f^f^n^ f* f* 


cactggatgg 


gaccccc u ug 


aggcugggga 


c tgaguc u u c 


^ 4* ^ /^/^/^ 

ucaucuccgg 


guguccugdo. 


tggccttgct 


aatcagaggg 


gtccctgggc 


gggcagcatc 


agcatcacgt 


tggagctcgc 


tagcgatgca 


gaatttccag 


ctctccaggg 


acctactgca 


tgggaatctg 


cattttatca 


aggtttcctg 


gcgcatattt 


gaagttgcga 


agctccaccc 


ggcagcgcat 


gggtagctgc 


aaggggtggc 


tgctcagtgg 


acgccgggtt 


gagggacaga 


aggaaagttg 


ctggctgcgg 


gctcctccat 


gctcttctcc 


tctctcccca 


g tgc aag atg tct ctg 
Cys Lys Met Ser Leu 


aac ggg 
Asn Gly 



275 



29539 
29599 
29659 
29719 
29779 
29839 
29899 
29959 
30019 
30079 
30139 
30199 
30259 
30319 
30379 
30439 
30499 
30551 



cag cgt ggg gag tgc tgg tgt gtg aac ccc aac acc ggg aag ctg ate 30599 
Gin Arg Gly Glu Cys Trp Cys Val Asn Pro Asn Thr Gly Lys Leu lie 
280 285 290 

cag gga gcc ccc acc ate egg ggg gae ccc gag tgt cat etc ttc tac 3 0647 
Gin Gly Ala Pro Thr lie Arg Gly Asp Pro Glu Cys His Leu Phe Tyr 
295 300 305 310 

aat gag cag cag gag get cgc ggg gtg cac acc cag egg atg cag 30692 
Asn Glu Gin Gin Glu Ala Arg Gly Val His Thr Gin Arg Met Gin 

315 320 325 

tagaccgeag ccagccggtg cctggcgcec ctgccccccg cccctctcca aacaceggea 30752 

gaaaaeggag agtgcttggg tggtgggtgc tggaggattt tccagttctg acacaegtat 30812 

ttatatttgg aaagagacca gcaccgagct cggcacctcc ccggcctctc tcttcccagc 30872 

tgcagatgee aeacctgctc cttcttgett tccccggggg aggaaggggg ttgtggtegg 30932 

ggagctgggg taeaggtttg gggaggggga agagaaattt ttatttttga aeeectgtgt 3 0992 

cccttttgca taagattaaa ggaaggaaaa gt 31024 
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<210> 10 

<211> 325 

<212> PRT 

<213> Homo sapiens 

<400> 10 

Met Leu Pro Arg Val Gly Cys Pro Ala Leu Pro Leu- Pro Pro Pro Pro 
15 10 15 



Leu Leu Pro Leu Leu Leu Leu Leu Leu Gly Ala Ser Gly Gly Gly Gly 

20 25 30 



Gly Ala Arg Ala Glu Val Leu Phe Arg Cys Pro Pro Cys Thr Pro Glu 
35 40 45 



Arg Leu Ala Ala Cys Gly Pro Pro Pro Val Ala Pro Pro Ala Ala Val 
50 55 60 



Ala Ala Val Ala Gly Gly Ala Arg Met Pro Cys Ala Glu Leu Val Arg 
65 70 75 80 



Glu Pro Gly Cys Gly Cys Cys Ser Val Cys Ala Arg Leu Glu Gly Glu 

85 90 95 



Ala Cys Gly Val Tyr Thr Pro Arg Cys Gly Gin Gly Leu Arg Cys Tyr 

100 105 110 



Pro His Pro Gly Ser Glu Leu Pro Leu Gin Ala Leu Val Met Gly Glu 
115 120 125 



Gly Thr Cys Glu Lys Arg Arg Asp Ala Glu Tyr Gly Ala Ser Pro Glu 
130 135 140 



Gin Val Ala Asp Asn Gly Asp Asp His Ser Glu Gly Gly Leu Val Glu 
145 150 155 160 



Asn His Val Asp Ser Thr Met Asn Met Leu Gly Gly Gly Gly Ser Ala 

165 170 175 



Gly Arg Lys Pro Leu Lys Ser Gly Met Lys Glu Leu Ala Val Phe Arg 

180 185 190 



Glu Lys Val Thr Glu Gin His Arg Gin Met Gly Lys Gly Gly Lys His 
195 200 205 



His Leu Gly Leu Glu Glu Pro Lys Lys Leu Arg Pro Pro Pro Ala Arg 
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210 215 220 



Thr Pro Cys Gin Gin Glu Leu Asp Gin Val Leu Glu Arg lie Ser Thr 
225 230 235 240 



Met Arg Leu Pro Asp Glu Arg Gly Pro Leu Glu His Leu Tyr Ser Leu 

245 250 255 



His lie Pro Asn Cys Asp Lys His Gly Leu Tyr Asn Leu Lys Gin Cys 

260 265 270 



Lys Met Ser Leu Asn Gly Gin Arg Gly Glu Cys Trp Cys Val Asn Pro 
275 280 285 



Asn Thr Gly Lys Leu lie Gin Gly Ala Pro Thr lie Arg Gly Asp Pro 

290 295 300 



Glu Cys His Leu Phe Tyr Asn Glu Gin Gin Glu Ala Arg Gly Val His 
305 310 315 320 



Thr Gin Arg Met Gin 

325 



<210> 11 

<211> 10884 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> promoter 

<222> (102) . . (1905) 
<223> 



<220> 

<221> mRNA 

<222> (1906) . . (2440) 

<22 3> Exon 1 



<220> 

<221> mRNA 

<222> (5726) . . (5952) 

<223> Exon 2 



<220> 

<221> mRNA 

<222> (6497) . . (6616) 

< 2 2 3 > Exon 3 



<220> 
<221> 



mRNA 
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<222> (8212) . . (10775) 
<223> Exon 3 



<220> 

<221> CDS 

<222> (2038) . . (2440) 
<223> 



<220> 

<221> CDS 

<222> (5726) . . (5952) 
<223> 



<220> 

<221> CDS 

<222> (6497) . . (6616) 
<223> 



<220> 

<221> CDS 

<222> (8212) . . (8334) 
<223> 



<400> 11 

ctgcagacct gggacctcaa gaattgcatt tgatgccgaa cccagctcta atttcagagt 60 

caaggtctct gcgagtattt aaggaacgga tgtaaacctg ggggattcgt tttgtttcct 120 

tcaattttcc aatgaaatca gagatcctgt tcttgggtgt caacgcagat actagaagga 18 0 

ggtgatacaa gagaaaggaa acagcaagcg acgattatgg cacggtttcc tgtaaacaag 24 0 

gttgagtgta gccacagcct gagcactgtg ggagaagagc tcataagaaa atgacggtgc 3 00 

tgggccttcg tcaccccggg gccctccatt gttcttgtct ttggtctctt tttatttgta 360 

gaggtccaat tatttattta tttagtacaa gagggaacga aattgatctt tccattctaa 42 0 

aaggagagta tatatgtata aaaggaagct gtatagatat gggggaagag gtggacaggg 480 

ggaaaagggg agaggacgag agagagaaag ggagggagag ggacaaggag agacactggg 540 

cgagagatcg attaggagag acagaaatga tgaatgaaga ttaacttcac ccaaggcttc 600 

gtcgctggag gggaatggag gagctcctga tttgctatta ctactccaaa ctgcaaaggg 660 

ctccttcaag tcacctatcc acctcctaag gcaagcgtcc aatttcaaca gcgttcagga 72 0 

aagtctcctc ccgcggaggt ctcaccgctt cccactccac ccccacaaac tctttggaaa 780 

agtgccttga aaaatttaat cctcaatcca atcctggacc accagcgtcc tctgttggtc 840 

accgaaggag ggggtgcgca gacaaaactg aagaaactcg agtgccagag aaggccgaca 900 

ggagttacag cgacctcagc gcgcaattgc gccccgaact ttactgaaaa gtgtttagat 960 

tgcagagata agctagaatc ccaacgcatc gagaatacag taatacgaag tcgccttcaa 102 0 
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1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2037 

atg cag egg gcg cga ccc acg etc tgg gcc get gcg ctg aet etg ctg 2085 
Met Gin Arg Ala Arg Pro Thr Leu Trp Ala Ala Ala Leu Thr Leu Leu 
15 10 15 

gtg ctg etc cgc ggg ccg ccg gtg gcg egg get ggc gcg age teg ggg 2133 
Val Leu Leu Arg Gly Pro Pro Val Ala Arg Ala Gly Ala Ser Ser Gly 

20 25 30 

ggc ttg ggt ccc gtg gtg cgc tgc gag ccg tgc gac gcg cgt gca ctg 2181 
Gly Leu Gly Pro Val Val Arg Cys Glu Pro Cys Asp Ala Arg Ala Leu 
35 40 45 

gcc cag tgc gcg cct ccg ccc gcc gtg tgc gcg gag ctg gtg cgc gag 222 9 

Ala Gin Cys Ala Pro Pro Pro Ala Val Cys Ala Glu Leu Val Arg Glu 
50 55 60 

ccg ggc tgc ggc tgc tgc etg acg tgc gca ctg age gag ggc cag ccg 2277 
Pro Gly Cys Gly Cys Cys Leu Thr Cys Ala Leu Ser Glu Gly Gin Pro 
65 70 75 80 

tgc ggc ate tac ace gag cgc tgt ggc tec ggc ett cgc tgc cag ccg 2325 
Cys Gly lie Tyr Thr Glu Arg Cys Gly Ser Gly Leu Arg Cys Gin Pro 

85 90 95 

teg ccc gac gag gcg cga ccg ctg cag gcg ctg ctg gac ggc cgc ggg 2373 
Ser Pro Asp Glu Ala Arg Pro Leu Gin Ala Leu Leu Asp Gly Arg Gly 

100 105 110 
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ctc tgc gtc aac get agt gcc gtc age cgc ctg cgc gcc tac ctg ctg 2421 
Leu Cys Val Asn Ala Ser Ala Val Ser Arg Leu Arg Ala Tyr Leu Leu 
115 120 125 



cca gcg ccg cca get cca g gtgagccgcc cgccaggtgc gctgcgtgca 2470 
Pro Ala Pro Pro Ala Pro 
130 
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tttcaaacag 


ataacttctt 


5530 


gaggtagagc 


aaccaccatg 


tagtgagtag 


tatgatggaa 


taatacttca 


tcgaggtatt 


5590 


taaaaaaaaa 


acctcacttg 


gattgccaac 


taatattgtc 
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5650 


caacgttaag 


atttttacaa 
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gatattgatg 


actctcatgt 


gtttgtctct 


5710 



cttgggcgtt ttaag ga aat get agt gag teg gag gaa gac cgc age gee 5760 

Gly Asn Ala Ser Glu Ser Glu Glu Asp Arg Ser Ala 

140 145 

ggc agt gtg gag age ccg tec gte tee age acg eae egg gtg tct gat 5808 
Gly Ser Val Glu Ser Pro Ser Val Ser Ser Thr His Arg Val Ser Asp 

150 155 160 
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ccc aag ttc cac ccc etc cat tea aag ata ate ate ate aag aaa ggg 5856 

Pro Lys Phe His Pro Leu His Ser Lys lie lie lie lie Lys Lys Gly 

165 170 175 

cat get aaa gac age eag ege tac aaa gtt gae tac gag tet cag age 5904 

His Ala Lys Asp Ser Gin Arg Tyr Lys Val Asp Tyr Glu Ser Gin Ser 

180 185 190 



aca gat acc cag aac ttc tec tec gag tec aag egg gag aca gaa tat 5952 
Thr Asp Thr Gin Asn Phe Ser Ser Glu Ser Lys Arg Glu Thr Glu Tyr 



195 


200 


205 




210 




gtgagagctt 


ttcctcttgt 


taaaggagga 


gggcaagacc 


tgccaagcct 


gggtactcag 


6012 


agcctcttga 


gggcaattct 


tactcaacaa 


accccagcge 


ctggctgatg 


ggtgggcaac 


6072 


cectagcecc 


tctgtgccct 


acetctctcc 


tetccttaea 


taaagaatat 


tgaceetttt 


6132 


ggagaatctt 


atgaggatca 


agctgaaata 


acactcttaa 


aagcatatgg 


gatgtcataa 


6192 


agaeetetgc 


agataatgaa 


aatattetca 


taaagatagt 


tttatttact 


tcatcetcta 


6252 


tgcttgttga 


cctgctattg 


gttccatgec 


agcttctgtg 


ccttactctg 


ggaagagcaa 


6312 


aaaggagaca 


gggagtgatg 


gttagcttat 


tcgggggact 


ttcgtgctac 


atcagacata 


6372 


aggtatetga 


ggagcaaatt 


acaggteeea 


ettttggtag 


ttgtgcagea 


tegtaagatt 


6432 


tttaaagcac 


acattctaga 


gtaaaaactg 


tgactctgtt 


gctctggtcc 


ttcctgatcc 


6492 


ccag ggt ccc tgc cgt aga gaa atg 


gaa gac aca ctg aat cac ctg aag 


6541 



Gly Pro Cys Arg Arg Glu Met Glu Asp Thr Leu Asn His Leu Lys 



215 220 225 

ttc etc aat gtg ctg agt ccc agg ggt gta cac att ccc aac tgt gac 658 9 

Phe Leu Asn Val Leu Ser Pro Arg Gly Val His lie Pro Asn Cys Asp 

230 235 240 

aag aag gga ttt tat aag aaa aag cag gtgagtgagg tcctcagtgt 663 6 

Lys Lys Gly Phe Tyr Lys Lys Lys Gin 

245 250 



gttttettce 


tettetgttg 


acaeagagga 


gaaacccatg 


teaccagcge 


ccaggetctt 


6696 


gtggccatag 


ctctaactct 


gagcctgtgc 


agcaccagtg 


cccaggaett 


ggtgccagtc 


6756 


tcaggaggtc 


agaccaaggg 


etgetttgac 


ttgttgctct 


gagtgctgct 


atattggeca 


6816 


taatccteaa 


cectagtgec 


tttccaceae 


cegcttceca 


ctectgtect 


tteaatggtt 


6876 


cacccacagg 


cggacaagat 


gctgcccagt 


ggcacccttt 


ataaactgca 


agtggacatg 


6936 


ttaacacatt 


tgttaatget 


gegteaggga 


gtgacatttc 


aaacaactat 


tatagtcagt 


6996 


ttccaagaag 


tgtgacatga 


ggtcatacca 


caaaaaaget 


taccctgaaa 


tcccacaate 


7056 


gtcccctttc 


ctactgatgc 


cttcccgata 


gtgagcaggt 


tgcaatatta 


agattttgaa 


7116 


aaggetgttg 


ctagatgttg 


gtgactcgtg 


tgtctctgte 


tcccttggge 


tttteaagga 


7176 


aatgctagtg 


agtgggggga 


tgactgeage 


atggccagct 


tggagagcee 


ageeatcecc 


7236 
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agcacatacc 


aggtgtctgt 


cttggcgtgg 


aggggatgga 


acttgaaatc 


agacactcgg 


7296 


tccatgctgg 


ggatggccag 


tctctccaaa 


ctggcatgtg 


gtcttcctcc 


gagtcactgg 


7356 


catttcccta 


gaaagtccaa 


gtgagaagaa 


ggcatgagag 


tcatcaacat 


caaacaacag 


7416 


tcttttcaaa 


atctttatat 


tgcaacatag 


tcccattcct 


ggaaaaggaa 


tggagtgaga 


7476 


atcctggcta 


cacatcagcc 


ccaaatgtag 


tcattgccta 


aaatcccaat 


taacctgaaa 


7536 


atgatcaaac 


aaatttaaga 


tatagtaata 


ttaagctgta 


ataaatatgc 


ttctataggc 


7596 


tttgtgttat 


gtgatggcac 


tatttcaatt 


ggctttctaa 


ttggacaatt 


gatactatgc 


7656 


tatctacaga 


attggccttt 


ggagacctaa 


gtgagccaca 


gtggcctcag 


ggtgaccata 


7716 


tactaggatt 


catagcagtg 


gccacagtca 


gaagcctaag 


ctttcctcca 


ttgccattgc 


7776 


tcgtttatac 


cacgtttctg 


tcaaagtcat 


attcattcaa 


caaagtcata 


ctgagaaggt 


7836 


gtcatgtgag 


gctggatgtg 


ggctccaaag 


tcatagctgt 


gacattcgca 


ggcagcggga 


7896 


tgttctcagt 


tccacatttg 


gcagagaagt 


cagtcaagag 


gttctacaag 


ggctggtgtc 


7956 


caccttatac 


tcctagaaac 


acaaaactgc 


ccccaccccc 


gctttcttgg 


agcaggaagt 


8016 


tacacccaca 


cgcatgcaca 


ggcgcacact 


cagcgggcct 


aggcagcgtg 


gctcttgtgt 


8076 


tgccttagct 


gaaatttctg 


ttgtgctttc 


tcagcatagc 


agagtcacgc 


tggcaaacca 


8136 


tcatgcgccc 


tggccaccga 


cctgacacca 


gacccaggag 


cattcacttc 


tctgtcttct 


8196 



gtttctctcc cacag tgt cgc cct tec aaa ggc agg aag egg ggc ttc tgc 8247 

Cys Arg Pro Ser Lys Gly Arg Lys Arg Gly Phe Cys 

255 260 

tgg tgt gtg gat aag tat ggg cag cct etc cca ggc tac acc acc aag 8295 
Trp Cys Val Asp Lys Tyr Gly Gin Pro Leu Pro Gly Tyr Thr Thr Lys 
265 270 275 



ggg aag gag gac gtg cac tgc tac age atg cag age aag tagaegcctg 8344 
Gly Lys Glu Asp Val His Cys Tyr Ser Met Gin Ser Lys 



280 




285 




290 






ecgcaagggt 


gagtacteag 


gaggggcagc 


ctgggctcca 


gggccteact 


gtccttggae 


8404 


eagccteagg 


99ctgggcgt 


ggccactgge 


ettccccagg 


ettacagace 


caggagctgc 


8464 


agctcagggc 


cagaaagagc 


aaagcaaata 


ggacagagcc 


ctcagaaggg 


tgcagggaga 


8524 


gggagacecc 


atcaacceaa 


ceaaacaagt 


gtggggaagg 


aggecggcca 


gtgcaectca 


8584 


gggacactet 


gctttatctc 


agatacctca 


cagcacctaa 


getatcattc 


atccacacac 


8644 


aaagtgaaga 


ttttcaaagt 


taggctttac 


ccgtgagtet 


ggaggtcatt 


tatcttcaca 


8704 


gagaacgttt 


atcgcagaet 


gctaagatac 


atgttctaat 


taagatgtga 


tgtgagaacg 


8764 


ctgaatgctc 


gttggagact 


cagttgaagt 


gcagcttttt 


ttctgtcaaa 


tatataatga 


8824 


atattctgtt 


agtctgtggc 


taatataatt 


ttaataaagt 


taatttaaat 


ctgatagaaa 


8884 
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aatgaaattt 


taaacgataa 


ttttagagaa 


tgctattata 


tccagtcttc 


ttttttcttt 


8944 


taataaatga 


gggaactatt 


gggggaaagg 


aataaataca 


ttttctttca 


ttttattaag 


9004 


acaaatttag 


taagcagaag 


aaatttgcat 


gtttagttat 


aagggtttct 


tttttcctta 


9064 


caagttggaa 


aaaataattc 


taatttaagg 


gtaactcttt 


gacaatgaac 


actgtgagca 


9124 


gcatctggta 


ctcgttgctt 


tgtttgaaaa 


catgagttga 


gaccccagcc 


gcacttgcag 


9184 


cctagtgcca 


ttagcctgca 


ggctgtgctg 


gatatctcag 


ggcaagagtc 


gagccctttt 


9244 


gattttgggg 


ggattatttc 


aatatatttg 


ctttttcttt 


ttgttttagt 


taatgtggag 


9304 


ctcaaatatg 


ccttattttg 


cacaaaagac 


tgccaaggac 


atgaccagca 


gctggctaca 


9364 


gcctcgattt 


atatttctgt 


ttgtggtgaa 


ctgatttttt 


ttaaaccaaa 


gtttagaaag 


9424 


aggtttttga 


aatgcctatg 


gtttctttga 


atggtaaact 


tgagcatctt 


ttcactttcc 


9484 


agtagtcagc 


aaagagcagt 


ttgaattttc 


ttgtcgcttc 


ctatcaaaat 


attcagagac 


9544 


tcgagcacag 


cacccagact 


tcatgcgccc 


gtggaatgct 


caccacatgt 


tggtcgaagc 


9604 


ggccgaccac 


tgactttgtg 


acttaggcgg 


ctgtgttgcc 


tatgtagaga 


acacgcttca 


9664 


cccccactcc 


ccgtacagtg 


cgcacaggct 


ttatcgagaa 


taggaaaacc 


tttaaacccc 


9724 


ggtcatccgg 


acatcccaac 


gcatgctcct 


ggagctcaca 


gccttctgtg 


gtgtcatttc 


9784 


tgaaacaagg 


gcgtggatcc 


ctcaaccaag 


aagaatgttt 


atgtcttcaa 


gtgacctgta 


9844 


ctgcttgggg 


actattggag 


aaaataaggt 


ggagtcctac 


ttgtttaaaa 


aatatgtatc 


9904 


taagaatgtt 


ctagggcact 


ctgggaacct 


ataaaggcag 


gtatttcggg 


ccctcctctt 


9964 


caggaatctt 


cctgaagaca 


tggcccagtc 


gaaggcccag 


gatggctttt 


gctgcggccc 


10024 


cgtggggtag 


gagggacaga 


gagacgggag 


agtcagcctc 


cacattcaga 


ggcatcacaa 


10084 


gtaatggcac 


aattcttcgg 


atgactgcag 


aaaatagtgt 


tttgtagttc 


aacaactcaa 


10144 


gacgaagctt 


atttctgagg 


ataagctctt 


taaaggcaaa 


gctttatttt 


catctctcat 


10204 


cttttgtcct 


ccttagcaca 


atgtaaaaaa 


gaatagtaat 


atcagaacag 


gaaggaggaa 


10264 


tggcttgctg 


gggagcccat 


ccaggacact 


gggagcacat 


agagattcac 


ccatgtttgt 


10324 


tgaacttaga 


gtcattctca 


tgcttttctt 


tataattcac 


acatatatgc 


agagaagata 


10384 


tgttcttgtt 


aacattgtat 


acaacatagc 


cccaaatata 


gtaagatcta 


tactagataa 


10444 


tcctagatga 


aatgttagag 


atgctatatg 


atacaactgt 


ggccatgact 


gaggaaagga 


10504 


gctcacgccc 


agagactggg 


ctgctctccc 


ggaggccaaa 


cccaagaagg 


tctggcaaag 


10564 


tcaggctcag 


ggagactctg 


ccctgctgca 


gacctcggtg 


tggacacacg 


ctgcatagag 


10624 


ctctccttga 


aaacagaggg 


gtctcaagac 


attctgccta 


cctattagct 


tttctttatc 


10684 


tttttaactt 


tttgggggga 


aaagtatttt 


tgagaagttt 


gtcttgcaat 


gtatttataa 


10744 
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atagtaaata aagtttttac cattaaaaaa atatctttcc ctttgttatt gaccatctct: 10804 

gggctttgta tcactaatta ttttatttta ttatataata attattttat taaaatgttc 10864 

cctgctttcc cttttagcaa 10884 



<210> 12 

<211> 291 

<212> PRT 

<213> Homo sapiens 

<400> 12 

Met Gin Arg Ala Arg Pro Thr Leu Trp Ala Ala Ala Leu Thr Leu Leu 
15 10 15 



Val Leu Leu Arg Gly Pro Pro Val Ala Arg Ala Gly Ala Ser Ser Gly 

20 25 30 



Gly Leu Gly Pro Val Val Arg Cys Glu Pro Cys Asp Ala Arg Ala Leu 
35 40 45 



Ala Gin Cys Ala Pro Pro Pro Ala Val Cys Ala Glu Leu Val Arg Glu 
50 55 60 



Pro Gly Cys Gly Cys Cys Leu Thr Cys Ala Leu Ser Glu Gly Gin Pro 
65 70 75 80 



Cys Gly lie Tyr Thr Glu Arg Cys Gly Ser Gly Leu Arg Cys Gin Pro 

85 90 95 



Ser Pro Asp Glu Ala Arg Pro Leu Gin Ala Leu Leu Asp Gly Arg Gly 

100 105 110 



Leu Cys Val Asn Ala Ser Ala Val Ser Arg Leu Arg Ala Tyr Leu Leu 
115 120 125 



Pro Ala Pro Pro Ala Pro Gly Asn Ala Ser Glu Ser Glu Glu Asp Arg 
130 135 140 



Ser Ala Gly Ser Val Glu Ser Pro Ser Val Ser Ser Thr His Arg Val 
145 150 155 160 



Ser Asp Pro Lys Phe His Pro Leu His Ser Lys lie lie lie lie Lys 

165 170 175 



Lys Gly His Ala Lys Asp Ser Gin Arg Tyr Lys Val Asp Tyr Glu Ser 

180 185 190 
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Gln Ser Thr Asp Thr Gin Asn Phe Ser Ser Glu Ser Lys Arg Glu Thr 
195 200 205 



Glu Tyr Gly Pro Cys Arg Arg Glu Met Glu Asp Thr Leu Asn His Leu 
210 215 220 



Lys Phe Leu Asn Val Leu Ser Pro Arg Gly Val His lie Pro Asn Cys 

225 230 235 240 



Asp Lys Lys Gly Phe Tyr Lys Lys Lys Gin Cys Arg Pro Ser Lys Gly 

245 250 255 



Arg Lys Arg Gly Phe Cys Trp Cys Val Asp Lys Tyr Gly Gin Pro Leu 

260 265 270 



Pro Gly Tyr Thr Thr Lys Gly Lys Glu Asp Val His Cys Tyr Ser Met 
275 280 285 



Gin Ser Lys 

290 
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